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Abstract 
 
Coastal wet grasslands are internationally important habitats as they support high 
biodiversity.  The combination of periodic flooding, fluctuating ground water and regular 
low-intensity management has created a unique habitat providing ecological niches for a 
wide diversity of flora and fauna.  This habitat, however, is globally threatened due to 
changes in land management, particularly agricultural intensification or abandonment.  In 
Estonia, agricultural abandonment such as grazing cessation has been recognized as the 
main cause of coastal wet grassland losses, which results in the encroachment of shrubs 
and competitive grasses (e.g. Phragmites australis, Elytrigia repens).  This research 
assessed the response of coastal wet grassland plant communities to abandonment and 
management practices, namely cutting, grazing and soil disturbance. Changes in vegetation 
composition and abundance were monitored using species and functional groups, and then 
analysed using multivariate and inferential statistics.  Three experiments were located in 
western Estonia:  
(i) to compare the responses of species-poor and species-rich wet grasslands to cutting 
management (Hosby), 
(ii) to investigate changes in upper shore grasslands under different management practices 
(i.e. abandonment, cutting and grazing) and in response to reinstating management (Tahu), 
and (iii) to assess the effects of different levels of disturbance on encroaching grass species 
and the composition of wet grasslands (Rumpo).  
Results demonstrated the dynamic nature of coastal wet grassland plant communities as 
seasonal variations and environmental conditions affected the plant community 
composition and abundance.  A species-rich grassland showed greater stability in response 
to cutting management when compared to a species-poor community, as more significant 
changes in species composition and abundance affected the species-poor vegetation.  
Upper shore grasslands demonstrated similar patterns in plant community changes and 
composition under different management practices, although cutting positively affected 
some species and created bare ground.  The similarities between abandoned and grazed 
upper shore grasslands indicated that the grazing intensity practised might not be sufficient 
to maintain the plant community at an earlier successional stage.  Wet grassland responses 
to disturbance were dependant upon the intensity of disturbance and the type of vegetation, 
in relation to the competitive ability and sensitivity of the species present, but the effects of 
disturbance upon encroaching grasses were insignificant after a year.  The results of the 
research provide a better understanding of the dynamic nature of coastal wet grasslands 
and the implications of management practices for the restoration and conservation of 
coastal wetlands. 
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1 Introduction 
1.1 Research context 
Biodiversity loss resulting from habitat loss and degradation has become a worldwide 
concern with political recognition.  This is illustrated by the number of conventions (e.g.  
RAMSAR Convention (1971), Bern Convention (1979), UN Convention on Biological 
Diversity (1992)) and strategies created to promote awareness and lead to environmental 
actions for biodiversity conservation through habitat protection and/or restoration.  Semi-
natural grasslands and wetlands are recognized as amongst the most diverse habitats 
supporting a wide range of wildlife such as plants, birds, invertebrates, and mammals 
(European Environmental Agency, 2006, Keddy, 2000, Poschlod et al., 2005).  Despite 
their ecological importance, these habitats have suffered from land-use and management 
changes, especially in the last 60 years.  Semi-natural grasslands depend on regular low-
intensity management such as mowing or grazing to maintain their characteristic 
vegetation and their often higher levels of species diversity.  Shifts in agricultural practices 
through intensification or land abandonment have caused their decline in quality and / or 
extent.  For wetlands, similar trends are evident, as losses are mainly caused by 
anthropogenic impacts with unsustainable agricultural practices and modifications in water 
regime (Ramsar Convention Bureau, 1996).   
 
Coastal wet grasslands combine semi-natural grasslands and wetland characteristics as they 
require low-intensity management and often complex hydrological dynamics to be 
maintained (Benstead et al., 1999, RSPB et al., 1997).  Coastal wet grasslands support 
characteristic and rare biodiversity, and many sites are regarded as species reservoirs for 
plants and birds, as well as fulfilling important environmental services such as flood 
attenuation.  However, these coastal habitats are threatened by human actions and suffer 
from insufficient knowledge, as very little information is available on their ecological 
functioning.   
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1.2 Research approach 
 
This thesis focuses on furthering the understanding of coastal wet grasslands, and in 
particular developing knowledge of their short term responses to changes in management 
practices from abandonment and reinstated management.  The study was located on the 
west coast of Estonia as the country supports some of the most biologically rich coastal 
wetlands in Europe (Paal, 1998; Paal et al.1998, Luhamaa et al. 2001; Kull et al. 2002), 
such as Boreal Baltic coastal meadow, a European Union Habitat Directive 92/43/EEC 
priority habitat, in order to assess small-scale changes in coastal wet grasslands 
concentrated at the plant community scale.  Three field sites were chosen with respect to 
their past and present management, their vegetation types, and their natural hydrology.  
Experiments were initiated in 2002 for two sites, and the third during summer 2005, giving 
between 3 to 5 years of collected data.  The response of coastal wet grassland to 
abandonment and management manipulation was examined using plant species presence 
and abundance supported by hydrological monitoring data. 
 
1.3 Research aims 
 
The main aim of this research was to determine the response of coastal wet grassland plant 
communities to abandonment and to develop strategies for the sustainable management 
and restoration of the coastal wet grassland resource.  The objectives of this study were (i) 
to compare dynamics and stability in species-poor and species-rich coastal wet grassland 
communities after reinstating management following abandonment, (ii) to examine 
succession and responses to changes in management practices in upper shore grasslands, 
and (iii) to analyse the impact of different disturbance intensities on coastal wet grassland 
that has been encroached by dominant species during abandonment. 
 
1.4 Thesis structure 
 
Chapter 1: 
This first chapter is a preamble to the research which sets the research context, the 
approach, the aims and the thesis structure.   
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Chapter 2: 
Chapter 2 will establish the principles and concepts involved in this research and review 
important literature concerning coastal wetlands, with an emphasis on coastal wet 
grasslands. 
 
Chapter 3: 
Chapter 3 will introduce the study sites, describing their characteristics with reference to 
their geomorphology, climate, hydrology and plant communities.  This chapter will also 
introduce the methodology employed to sample the vegetation throughout the research 
programme. 
 
Chapters 4, 5 and 6 
Chapters 4, 5 and 6 will contain the three main experiments conducted on coastal wet 
grasslands.  Chapter 4 will compare changes at the plant community scale in lower shore 
and tall wet grassland habitats following reinstated management.  Chapter 5 will examine 
the vegetation response within upper shore wet grasslands to different management 
practices.  Chapter 6 analyses the impact of different disturbance intensities upon 
abandoned wetlands as a means of restoration, particularly Phragmites australis and 
Elytrigia repens, two competitive species encroaching in coastal wet grasslands.   
 
Chapter 7:  
Chapter 7 will discuss the effects of abandonment and management on coastal wet 
grassland plant communities and their implications for conservation, management, and 
restoration of coastal wet grasslands.    
 
Chapter 8: 
Chapter 8 will conclude by defining key findings of the research, and propose management 
guidelines for coastal wet grasslands. 
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2 Coastal Wet Grasslands 
Coastal wet grasslands can be defined as a combination of two ecosystems: semi-natural 
grasslands and coastal wetlands.  The fusion of these two ecosystems creates an 
ecologically important habitat with unique properties originating from the association of 
both ecosystems that refer to the dynamic hydrology from the wetlands and the strong link 
with management required from the semi-natural grasslands.  However, each ecosystem 
shows unique properties that are explained in this chapter so to have a better understanding 
of the latent environmental factors characterising coastal wet grasslands as well as their 
functioning and the properties involved in their establishment. 
 
2.1 Semi-natural grasslands 
Grassland ecosystems are characterized by open habitats composed primarily of 
herbaceous hemicryptophytes that are generally perennial species with their over wintering 
buds at the soil surface (Raunkiaer, 1937) enabling them to survive the harsh winter 
conditions.  The two main families of herbaceous species, which are the Poaceae and 
Cyperaceae, represent up to 70% of the life-forms in some areas, creating a multi-layered 
sward with tall grasses and forbs in the top layer and smaller species below (Coupland, 
1979, Duffey et al., 1974).   
 
Semi natural grassland are dependant upon management and are often described as a 
“deflected climax community” or a “plagioclimax” (Duffey et al., 1974) meaning that they 
lack secondary succession.  Semi-natural grasslands are maintained in this vegetative 
formation due to deliberate actions, which can include grazing, mowing, or burning.  These 
different types of management often favour low-growing vegetation and can enhance 
biodiversity, however, abiotic and biotic factors can prevent the establishment of shrubs 
and trees (Persson, 1984) and later succession  (Jantunen, 2003) 
 
Grassland is affected by four main environmental factors: hydrology, soil (i.e. nutrient 
availability), geographical location (i.e. climate, altitude, geology) and management history 
(i.e. grazing and cutting).  Each of these factors influences the habitat and plant 
communities associated and are important in understanding the dynamics of the plant 
communities present (Duffey et al., 1974). 
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Studies have shown that much forest clearance originates in the Neolithic era with the first 
settlements, and the expansion of open areas in Europe correlates with the growth of 
population and the increase of livestock during the Iron and Middle Ages (Prins, 1998).  
This activity was a turning point in agricultural practices with an increased use of 
ploughing, hay-making and grazing (Brodie, 1985). 
 
The long lasting anthropogenic actions going back to the Neolithic period in certain areas, 
reduced or removed the dominant species and promoted species diversity and richness.  
This created a series of grassland habitats and range of ecological niches for birds, small 
mammals and invertebrates (Redecker and Poshold, 2002).   
 
2.2 Coastal wetlands 
Wetlands are found throughout the globe from the Arctic (e.g. peat bogs) to the tropics 
(e.g. mangroves) and are located inland as well as on coastal areas as they form a “link 
between the dry and the aquatic ecosystems” (Williams, 1990).  The key attribute 
determining their formation is the dynamic hydrology from salt water and/or freshwater 
inputs through periodic flooding episodes and variable ground water table (Mitsch and 
Gosselink, 2000, RSPB et al., 1997, Williams, 1990).  The Ramsar Convention defines 
wetlands as: 
“areas of marsh, fen, peatland or water, whether natural or artificial, permanent or 
temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine 
water the depth of which at low tide does not exceed six metres and may incorporate riparian and 
coastal zones adjacent to the wetlands, and islands or bodies of marine water deeper than six metres 
at low tide lying within the wetlands” (Ramsar Convention Bureau, 2003). 
 
The above definition indicates the variety of habitat types designated as wetlands and the 
underlying importance of water in their formation and establishment.   
 
Coastal wetlands date back from the Flandrian transgression with the melting of the ice 
sheets (ca. 18000-11000 BP), which released water that then inundated areas and created a 
range of wetlands (Orme, 1990, Williams, 1990).  Besides the release of water, land-uplift 
(or isostatic rebound) occurred and in some areas is still occurring, which has added to the 
expansion of coastal wetlands.   
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Coastal wetlands show low topographic variations and are generally flat with slopes 
ranging from 0.05º to 1º.  Low topography enables flooding from tidal (e.g. Salt-marshes) 
or non tidal origin (e.g. Baltic coastal wetlands), which is highly variable from one system 
to another, and is dependant on the intensity, duration and their geographical location 
(Orme, 1990).  Coastal wetlands tend to establish in sheltered areas where wave action and 
erosion is minimal, and permits sediment deposition and allows vegetation to stabilise 
sediment built up that contributes to coastal formation (Mitsch and Gosselink, 2000, Orme, 
1990).  In some areas, coastal wetlands occur in protected bays where the tidal influence is 
not sufficient to maintain the maritime aspect and changes in the vegetation are visible 
with encroachment of freshwater plant species such as Phragmites australis and Juncus 
spp. 
 
Many species have specialized and functionally adapted to the high water table, a key 
feature of wetlands, creating biologically diverse ecosystems (Benstead et al., 1999, Joyce 
and Wade, 1998, Paal et al., 1998, Ramsar Convention Bureau, 1996, RSPB et al., 1997).  
Studies have identified the biological importance of such habitats for birds, in particular 
waders and waterfowl, where coastal wetland constitute foraging and breeding areas as 
well as important stop-over sites during migration (Mitsch and Gosselink, 2000, Riffell et 
al., 2001, Verhulst et al., 2004).  Wetlands also offer ecological niches for macro-
invertebrates that result in an ecosystem favourable for birds (Ausden et al., 2001).  A 
number of mammals and amphibians also depend on wetlands, as well as a wide array of 
specialized and rare plant species (Janecková  et al., 2006, Wotavová et al., 2004).   
 
Coastal wet grasslands are one of the many types of coastal wetlands and they are defined 
as habitats highly dependent on hydrology, particularly periodic flooding and variation in 
the ground water table.  This hydrological complexity, combined with the long-term land-
use history such as low-intensity grazing or mowing, creates a variety of ecological niches. 
The threatened global status and high conservation value of coastal wet grasslands calls for 
prudent conservation action and understanding of the complexity of such ecological 
systems.  It is therefore essential to describe the different roles played by the abiotic factors 
and their contribution to, and effects on, coastal wetland biodiversity. 
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2.3 Abiotic factors  
Coastal wet grasslands are linked to a dynamic hydrology with regular (i.e. in a tidal 
system) to irregular sea-water flooding, ground water fluctuations and in addition, 
freshwater inputs (i.e. precipitation and rivers).  These dynamic processes are essential 
factors in shaping the coastal landscape, plant communities, and the soil properties (Keddy, 
2000, Vestergaard, 1997).  
 
2.3.1 Hydrology 
The hydrological regime is an essential feature in the characterisation and occurrence of 
coastal wet grasslands.  Many environmental factors influence the hydrological regime or 
wetland hydrodynamics, including precipitation, extent and duration of flooding, 
topographic variability, soil type and soil structure (RSPB et al., 1997).  Each wetland has 
its own “hydroperiod”, defined by Mitsch and Gosselink (2000) as the “seasonal pattern of 
the water level of a wetland and the hydrological signature of each wetland type, it defines 
the rise and fall of a wetland’s surface and subsurface water”.  Furthermore, coastal 
wetlands can often appear more complex, as these habitats are typically subject to both 
tidal regimes and ground water table fluctuations that will influence the species 
composition, sedimentation, organic matter and nutrient cycles. 
 
2.3.1.1 Tidal influence 
The geographical location of coastal wetlands explains the importance and impact of tides 
on their ecological processes as it affects vegetation by wave impact, flooding frequency 
and duration as well as the sedimentation processes and accumulation of organic matter.   
 
Orme (1990) distinguished two tidal systems affecting coastal wetlands depending upon 
the tidal range and frequency: (i) the macro-tidal and (ii) micro-tidal systems.  In the 
former system, the habitats are under the influence of regular tides, which control the 
landscape and coastal zonation.  Generally two zones are differentiated, the lower and the 
upper marsh, and wetlands are extensive and support scattered vegetation with bare 
ground, mudflats or tidal flats retaining water during low tides.  However, microtidal 
systems are characterized by irregular water fluctuations and salt input, generally induced 
by climate changes such as winds.  In some regions, for example in the Baltic Sea, the tidal 
Chapter 2 Coastal Wet Grasslands   8 
cycle is minimal, and the increase and decrease of sea-water input is typically caused by 
declines in barometric pressure (Ratas et al., 1997b).  Coastal wet grasslands established in 
north-eastern part of the Baltic Sea are classified as micro-tidal systems as they benefit 
from irregular tides and do not support typical salt-marsh vegetation zonation.  However, 
they are closely related to wet meadows as they support high species richness and flood 
tolerant plant species (Tyler, 1971b). 
 
Tides are important in sedimentation processes and accumulation of organic matter.  Each 
tidal flood deposits coarse sediments and finer particles, which participate in coastal 
wetland accretion.  Rates vary from one system to another, depending on the vegetation 
type, the tidal frequency, and the turbidity of the water.  Several studies have estimated 
accretion rates for vegetation types in marshland.  Roman et al. (1997) recorded 
sedimentation rates between 2.2 and 6.7 mm year-1 with a maximum of 24 mm year-1 when 
storms occurred  in Spartina alterniflora marshes.  Brown et al. (1998) measured 
sedimentation rates in pioneer zones that ranged between 6 to 45 mm year-1  and in the 
upper marsh an average of  7.6 mm year-1 with the highest net accretion in dense vegetated 
zones with an average of 47 mm per year.  Besides tidal inputs, the established vegetation 
contributes to the vertical growth of coastal marshes, as sediments are captured and 
stabilized by the vegetation and their root system (Adam, 1990, Nyman et al., 2006) but 
also through the accumulation of litter, which may be dispersed or accumulated during 
tides and build sediment traps (Facelli and Pickett, 1991).  Thus tides are important in 
coastal wetland processes as they can often explain vegetation distribution, elevation and 
coastal wetland build up.   
 
2.3.1.2 Ground water  
Ground water is another important feature of the hydroperiod defining the recharge-
discharge relationship within a wetland (Mitsch and Gosselink, 2000).  The ground water 
table plays an important role in maintaining the equilibrium in wetland hydrodynamics and 
functioning by feeding wetlands during low tides or dry seasons or absorbing excess 
surface water if soil permeability allows it.  The interchanges between ground water and 
wetlands are also dependant on the soil type (i.e. clay, sand, or silt) and its structure.  The 
relatively impermeable soil maintains high water levels and creates favourable conditions 
for water tolerant species.  These species have to adapt to high water tables, often reaching 
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the root zone during the growing season, and the long period of anoxic conditions 
(Williams, 1990).  For example, clay soils are known to have a very low permeability, 
hence the low and generally slow exchange between surface water and ground water, 
whereas sandy soil will allow rapid surface water infiltration and ground water recharge.  
The ground water table depends on freshwater inputs and run-off occurring especially 
during winter and spring, and fluctuations of its level will influence the vegetation (Defra, 
2002). 
In coastal areas, sea-water can contribute to the aquifer, however, ground water helps 
maintain low soil salinity and counteract the effects of salt-generated stress on the 
vegetation.   
 
2.3.2 Salinity 
Coastal ecosystems including coastal wet grasslands are periodically under the influence of 
flooding sea water, which controls salt deposition and soil salinity levels.  Furthermore, 
soil salt distribution is dependent on the frequency and duration of sea water flooding and 
freshwater inputs from precipitation or rivers.  Indeed, salt concentration tends to follow a 
negative gradient from the coast inland; this gradient is often reflected through presence or 
absence of certain vegetation types which are often defined into zones such as lower, 
middle and upper salt marsh (Adam, 1990, Rodwell et al., 2000).  Tyler (1971b) 
emphasised the high salinity of the soil water and the close relationship between soil 
salinity and the plant community distribution in Baltic Sea meadows.  He studied the 
fluctuations of chloride concentrations in the rhizosphere (0-20cm depth) and described the 
seasonality of soil water salinity and the high salinity in plant community under greater 
flooding influence.  Combined with soil moisture, and duration of flooding, salt is one of 
many limiting abiotic factors to seedling germination and plant growth.  It generates such 
stressful conditions that very few species, apart from halophytes (e.g. Salicornia europaea, 
Suaeda maritima), tolerate variations and high concentration (Chapman, 1976, Crawley, 
1997a, Fenner and Thompson, 2005, Noe and Zedler, 2000, Tyler, 1971a). 
 
The salt content of soil is also dependant on the amount of solar radiation.  High solar 
radiation increases the evaporation rates in coastal wetlands, such that the salt will 
crystallise and cover the soil surface.  This is visible in coastal wet grasslands where the 
vegetation is interspersed with bare ground in which relatively high salt levels and 
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halophytic plant species occur.  Freshwater inputs play a crucial role in the dilution of salt 
concentration allowing non-halophyte species to establish themselves such as glycophytes. 
 
2.3.3 Nutrient availability 
Nutrient availability and concentration are amongst the most important factors affecting 
plant communities and species richness (Foster and Gross, 1998, Grime, 1979).  Coastal 
wet grasslands are often species-rich habitats at a landscape scale  as a result of their 
dynamics often associated with high organic matter content and high levels of nitrogen  
(N) and phosphorus (P) (Keddy, 2000), although at a smaller scale high N and P tend to 
favour a few very competitive species.  Verhoeven et al.(1996) investigated the role of soil 
phosphorus (P), nitrogen (N) and potassium (K) on productivity in wet herbaceous 
vegetation through a series of field experiments and described the limiting effect of these 
three nutrients on the growth of mesic vegetation.  Although 80% of the results showed 
that N and P were the main limiting factor, wet grasslands were the only types of 
vegetation presenting either N and/or K-limited growth and did not show P-limited growth.  
In further studies by Critchley et al. (2002), the relations between soil properties and 
lowland grassland plant communities were examined and a positive correlation between 
high ecological value and low levels of soil phosphorus (P) and potassium (K) was found, 
these two minerals affecting plant growth and biomass production respectively.  Although 
the findings obtained by these investigations are different, Verhoeven et al. (1996) did 
emphasize the possible shifts from N-limited to P-limited plant growth as a result of the 
increased N levels from atmospheric deposition leaving phosphorus as the limiting factor.  
During early succession, phosphorus is more available compared to nitrogen and later 
successional stages have more nitrogen as a result of recycling organic matter.  Litter is 
one of the major sources of carbon and nitrogen, increasingly present in late successional 
stages and unmanaged grassland ecosystems.  However, in coastal wet grasslands, the 
release of such components depends on the decomposition processes that are altered due to 
the dynamic hydrology as the waterlogged conditions affect oxidation processes and many 
decomposers are not able to function in anoxic conditions (Carter, 1988).  Other sources of 
nutrients are found in the sediments that are added to the system and wetlands often show 
high levels of accretion and sedimentation, which increases nutrient inputs (Carter, 1988).   
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2.4 Vegetation 
2.4.1 Vegetation in ecosystem monitoring and assessment 
Vegetation and plant species are good indicators of ecosystem status and functioning 
(Hooper et al., 2002).  Previous studies have revealed that plant species and communities 
are biological indicators of particular value for assessing and monitoring environmental 
changes when compared to physical and chemical measurements (Dauber et al., 2003, 
Diekmann, 2003, Piernik, 2002, Zonneveld, 1983).  Plants as bio-indicators have also been 
extensively used to assess and monitor the impact level of disturbances or changes 
following disruption in management practices (Burnside et al., 2007, Lavorel et al., 1998, 
Miller et al., 2006, Onaindia et al., 2004, Waldhardt and Otte, 2003).  Zonneveld (1983) 
underlined the capacity of plants to integrate changes and fluctuations in environmental 
variables (i.e  physical, chemical and biological variables) through time and space, 
suggesting that it is possible to record disturbing events or chronic pollution episodes as 
well as indicate environmental gradients in the landscape.  In addition, plant indicators are 
commonly used due to their low cost and speed of efficiency.  For example, Raunkiaer’s 
classification depends on adaptations of plants during the unfavorable season and the 
position of the buds with respect to the soil surface (Raunkiaer, 1937).  Ellenberg’s plant 
indicator values, for light, moisture, pH, salt and soil nitrogen requirements, can indicate 
gradients within the landscape (Ellenberg, 1979).  However, the integration of the 
Ellenberg indices were not considered in this study, mainly due to the narrowness of 
environmental gradients experienced between the study sites and the similarities in species 
composition between the plant communities. 
 
2.4.2 Plant communities in coastal wet grasslands 
Coastal wet grasslands, are often described as a highly resilient ecosystem as their capacity 
to “return to their pre-disturbed level following disturbance” (Orwin and Wardle, 2004) 
implies the presence of adapted organisms.  Coastal and wetland vegetation are influenced 
by a combination of physical and biological factors (Keddy, 2000, Vince and Snow, 1984).  
The physical factors in wetlands mainly refer to hydrodynamics such as water sources (i.e. 
precipitation or sea water flooding), flow direction (i.e. unidirectional or tidal) and 
geomorphic settings, which will impact on the salinity, soil oxygenation and soil properties 
(National Research Council, 1995).   
Chapter 2 Coastal Wet Grasslands   12 
 
The complex hydrodynamics in coastal wet grasslands, with periodic flooding and ground 
water level fluctuations, are associated with the presence of specialised species that have 
adapted their morphological traits in response to frequent high water table levels (Tyler, 
1971b) by developing specialized tissue or aerenchyma (i.e. air-conducting cells) in the 
root and stem systems to allow oxygen diffusion.  Further adaptations are visible at the root 
level with adventitious roots or lenticels on stems, which improve oxygen diffusion during 
flooding events (Mitsch and Gosselink, 2000).  Also, certain plant species show a 
reduction of their metabolic activity during floods which allows them to withstand extreme 
conditions of hypoxia (Keddy, 2000).   
 
Coastal wetlands show patterns in plant distributions related to abiotic and biotic factors 
that influence the optimum growth range of specific plants groups like Carex spp., Juncus 
spp. or salt and flood tolerant species.  Consequently, coastal wetlands are commonly 
divided into lower, mid and upper areas closely related to flood duration, frequency and 
water levels (Chapman, 1976, Tyler, 1971b).   
 
Thus, coastal environments are under the influence of many abiotic factors (e.g. hydrology, 
salinity, and nutrient).  These environmental variables impinge on the vegetation, creating 
physiological stress for plant species and extensively determining their distribution.  In 
response to these stressful conditions, plants have adapted particular life strategies.   
2.4.3 Plant strategies 
Within a vegetation stand, biological factors interact and affect inter and intra-specific 
relationships.  In figure 2-1, Cox and Moore (2005) explain plant species distribution and 
population abundance in relation to their response and tolerance to environmental 
gradients.  A lower and an upper limit of tolerance to physiological stress, which affects 
the population density, diversity and distribution, delimit plant species optimum range, 
producing a unimodal distribution.  In coastal wet grasslands, the limiting factors are 
numerous including hydrological conditions (e.g. flooding, high water table), nutrient 
availability (i.e. nitrogen, phosphorous) and salinity. 
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Figure 2-1: Normal curve of plant species response to single environmental factor and zones of 
tolerance (Taken from Cox and Moore, 2005). 
 
Grime (1979) explained the establishment of plant species according to their growth 
strategies.  He differentiated three plant strategies in relation to the level of stress and 
disturbance, named the C-S-R strategy for Competitors, Stress-tolerators and Ruderals.  
Competitors are linked to low disturbance and low stress environments, Stress-tolerators 
evolve under high stress and low disturbance whereas Ruderals are dominant under low 
stress and high disturbance.  Wetlands are commonly defined as very productive habitats 
(Mitsch and Gosselink, 2000, National Research Council, 1995) where competition for 
resources and competitive exclusion are amongst the main factors controlling vegetation.  
Competitors are fast-growing plants capable of rapidly using above and below-ground 
resources and develop a dense canopy to reach light as well as an important root system 
that allows them to mobilise effectively the necessary resources (e.g. nutrients, water).  In 
wetlands, certain plants apply the competitive strategy, such as Phragmites australis 
(Grime et al., 1992).  Its root system allows it to store resources during the winter season 
and boost its growth in spring, such that it generates large and dense almost monospecific 
reedbeds. 
 
Stress is defined by Grime (1979) as the “external constraints which limit the rate of dry 
matter production of all or part of the vegetation”, generally occurring where resource 
availability is limited.  As a result of limited resource availability, stress-tolerator species 
have low growing rates and productivity.  They have developed physiological and 
morphological characteristics to counteract the physical environment such as long-lived 
leaves that are morphologically implastic making litter persistent, as well as reduce stature 
Chapter 2 Coastal Wet Grasslands   14 
intermittent flowering and persistent seed bank (Grime, 1979, Grime et al., 1992).  Stress-
tolerators occur in a wide range of habitats such as alpine, arctic or wetland and are 
sensitive to high disturbance levels.  
 
The third plant category is composed of ruderals, characteristic where disturbance levels 
are high and stress low.  Grime (1979) defines disturbance as “the mechanisms which limit 
the plant biomass by causing its partial or total destruction”.  In coastal wet grasslands, 
natural disturbance can be frequent and related to climate, for example low temperatures, 
storms, low precipitation, periodic flooding.  In addition, such semi-natural ecosystems are 
linked with a long history of management creating additional disturbance (e.g. mowing and 
grazing), which can also favour ruderal establishment.  The ruderal strategy involves fast 
growing plant species, usually annuals or short-lived perennials with an early flowering 
and mass seed production that encourages gap colonisation.  For example, Poa annua is an 
annual grass common in pastures because of its adaptation to severe trampling-generated 
disturbance.   
 
The periodic flooding, frequent ground water fluctuations, harsh climate (i.e.  wind, frost) 
and grazing management typical of coastal wet grasslands can create balanced stress and 
disturbance conditions generating tolerant plant species with adapted phenology and 
functional traits. 
 
2.5 Threats to coastal wet grasslands 
In recent decades, a general concern has emerged with the worldwide decline of 
biodiversity through habitat and species losses (European Environmental Agency, 2006).  
In Europe, this is visible with the appearance of lists of endangered/vulnerable species such 
as the annexes of the European Commission Habitats Directive (92/43/EEC).  Semi-natural 
grasslands, key habitats for many species, suffer mainly from land-use changes.  During 
the last 200 years, more than 15 million ha of wet grasslands have disappeared in Europe 
(Paal et al., 1998).  This trend was accentuated in Western Europe after the Second World 
War; the economic situation resulted in restructuring agricultural practices leading to 
intensification and land abandonment (BioForum, 2003). 
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2.5.1 Agricultural Intensification 
After World War II, the awareness of the global population increase and its needs gave rise 
to major shifts in land-use and agricultural practices.  This movement named “the Green 
Revolution” began in the 1950’s in developed countries (i.e. Western Europe and North 
America) and was instigated by agronomical and technological progress.  The major aim of 
this agricultural intensification was to increase production in order to sustain the 
developing population, gain agricultural autonomy and further develop the ability to 
export. 
 
Changes were visible at the landscape scale where large intensively cultivated farm estates 
replaced traditional low-productivity and small-scale farming systems, in some cases 
through the amalgamation of a number of small traditional farms in a more productive unit.  
This trend was reflected in the decreasing number of farms and the increase in average 
farm size area.  In Ohio, in the USA, for example, the average farm size in 1925 was about 
37 ha, but in 1987 it reached 72 ha (Medley et al., 1995).  In order to expand the farm 
areas, the landscape was modified and land reclamation for agricultural purposes, was 
amongst the main cause of the disappearance of wetlands, including wet grasslands 
(Grootjans et al., 2005).   
 
2.5.1.1 Drainage 
Drainage has been the major cause of wetland loss so that intensive agriculture could claim 
the rich soils.  This practice was particularly focused upon wet semi-natural grassland, 
floodplains meadows and lowland grasslands (Strijker, 2005, Walker et al., 2004).  
Gosselink and Maltby (1990) estimated the rate of wetland loss caused by drainage in the 
United States at about 490 000 ha.yr-1 since the beginning of the 20th century.  Table 2-1 
presents the percentage of wetland lost through drainage for agricultural purposes.  Europe 
and North America showed the most extensive wetland loss with 56-65 %, which is closely 
related to the expanding need of land for agricultural intensification.   
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Regions  % of drained wetlands for agricultural purposes 
Europe and North America 56-65 % 
Asia 27% 
South America 6 % 
Africa 2 % 
Table 2-1: Wetland losses estimated in 1985 due to drainage for agricultural purposes 
(www.ramsar.org, accessed on 10 September 2006) 
 
Drainage modifies wetland hydrology by lowering the water table.  In the Netherlands, 
drainage for land reclamation is common and a drop of 40-80 cm in the ground water table 
has been recorded in these wetlands, such that the entire ecosystem, vegetation, soil 
properties and related habitat are affected (Grootjans et al., 2005).  Schlüter and Böttcher 
(1990) studied the environmental impact of drainage in the Döllnitz valley in the former 
German Democratic Republic, which experienced agricultural intensification in the late 
1960’s.  The floodplains were extensively drained in order to improve their accessibility 
and allow cultivation (i.e. ploughing and seeding with high-yield crops).  The creation of 
drains impacted water management, increasing the river flow, run-off and soil erosion to 
the detriment of the ground water supplies.  Drainage has major indirect effects on species 
diversity by changing the natural hydrology through flood control, lowering the ground 
water table, and drying out the soil.  The characteristic plant species relying on these mesic 
conditions and hydrological dynamism need to adapt and change their distribution or 
species richness declines.  Grootjans et al. (2005) investigated long-term effects of 
drainage since 1975 on fen meadows in the Netherlands and showed the negative impact of 
drainage on biodiversity with species loss of 12 % in the overall meadow and 45 % in the 
experimental plots.  In addition, the distribution pattern of characteristic species changed, 
for example, Carex aquatilis populations migrated closer to the drainage channels to 
benefit from the mesic conditions.  Drainage is often followed by re-seeding, fertilizer and 
pesticide inputs and more intensive grazing, which are key elements in agricultural 
intensification to enhance productivity. 
 
2.5.1.2 Fertilizer input to increase yield 
A key aim of agricultural intensification is increased yield while reducing labour intensity.  
New machinery and farming techniques aimed to maximise production so fields were 
ploughed, tilled and seeded with high-yield grass crop varieties (e.g. Lolium sp., Festuca 
sp.).  These methods substantially changed wet grasslands and their species composition.  
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Grasslands were seen to change from species-rich habitat with low productivity (400g.m-2) 
to simplified and homogeneous grasslands with fewer plant species and higher productivity 
(>1000 g.m-2), which are often monospecific (Verhoeven et al., 1996).  Such 
monocultures, used in combination with herbicides, affect the establishment of 
opportunistic plant species often categorised as weeds, and the development of soil and 
aerial macro invertebrate communities.  These alterations subsequently influence the rest 
of the trophic chain (e.g. predators, parasites).   
 
Matson et al. (1997) demonstrated that the global cultivated area had a yearly increase of 
2.6 % between 1700 and 1980 (466 % in total).  For example, in France between 1955 and 
1975, agricultural production rose 3 % per year and the wheat yield increased from 2.28 
t.ha-1 to 4.5 t.ha-1  within this time period (Carillon, 1979).  A similar trend has been 
verified in the Döllnitz river valley (German Democratic Republic), where floodplains 
were converted to high yield meadow and the production increased from 35-50 metric 
tonnes of dry matter ha-1 to 60-75 t within 20-30 years (Schlüter and Böttcher, 1990).  Such 
growth was typically associated with the use of new techniques such as wider application 
of chemical fertilisers (especially nitrogen and phosphorus based), herbicides, pesticides, 
improved irrigation and new machinery and associated techniques.   
 
In many wet grasslands, geochemical cycles are further altered by agricultural practices 
with high inputs of nitrogen, phosphorus and potassium to increase productivity.  These 
changes can substantially modify the nutrient balance in wet grassland systems, and in 
extreme cases will result in the eutrophication of the ecosystem and significantly alter the 
composition of the vegetation by favouring competitive species (Leuschner and van der 
Maarel, 2005).  Foster and Gross (1998) demonstrated the negative impact of nitrogen 
enrichment on grassland, which resulted in a decline of species richness and a strong effect 
on forb density that were reduced two-fold in favour of grass species.  Similarly, in 
lowland grassland, Joyce (2001) showed the rapid and strong decline of forb species cover 
under high nitrogen fertilisation levels.  These studies suggest that high N-fertilisation 
creates highly productive grasslands with nitrophilous and competitive plant species and 
can negatively affect species diversity.   
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2.5.1.3 Over-grazing 
Habitat functional shifts also result from agricultural intensification.  While meadows were 
previously used for hay and aftermath grazing in traditional small-scale farming systems, 
changes in agriculture converted these semi-natural grasslands into uniform grasslands for 
silage and fodder.  Furthermore, extensive grazing was replaced by intensive grazing with 
higher stocking numbers and with breeds that were more productive.  Intensive grazing has 
been shown to transform the vegetation as well as altering the physical and chemical soil 
properties (de Gouvenain, 1996, Pietola et al., 2005). 
 
Pietola et al. (2005) described the changes in soil properties in Nordic grasslands under 
different trampling regimes.  After only three seasons of heavy cattle trampling (from May 
to September), the soil properties were altered.  The authors observed soil compaction, 
cracking, and in some areas (e.g. gateways, near watering places) there was evidence of 
loss of mechanical strength in the soil.  These changes were associated with reduced water 
retention and water infiltration, so the ground water no longer recharged efficiently.  Such 
changes in soil properties did not support the former species rich communities 
characteristic of these grasslands.  Hamza and Anderson (2005) also illustrated the 
deleterious effect of intensive grazing and trampling on soil compaction and structure 
under wet soil conditions.  They suggested that grazing should be prevented when soil 
wetness was too high due to the irreversible effects of soil compaction and structural 
damage. 
 
In traditional farming systems, coastal wet grasslands were used for extensive grazing, 
often combined with hay-making if the conditions would permit it (i.e. not waterlogged).  
Naturally, coastal wet grasslands are subject to many existing environmental constraints 
(as described earlier), and these factors, combined with heavy trampling and increased 
grazing, magnify the loss of organic matter and soil erosion.  In general, coastal soils 
represent a thin layer over the bedrock and any loss in soil and organic matter result in an 
impoverishment of the vegetation and soil organisms.  Furthermore, negative effects on the 
standing vegetation and soil organisms can generate a negative feedback in the soil, and 
increase its impoverishment.  Following agricultural intensification, farmers can 
experience a decrease in the yield.  This is caused by a decline in soil fertility due to soil 
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compaction by trampling and or intensive use of machinery even with increasing fertiliser 
input (Hamza and Anderson, 2005, Smith et al., 1996) . 
 
2.5.1.4 Impact on biodiversity 
Many authors have explored the impacts of agricultural intensification on biodiversity and 
the environment (Bakker, 1998, Bélanger and Grenier, 2002, Burel and Baudry, 1995, 
Matson et al., 1997, Medley et al., 1995, Pietola et al., 2005, Schlüter and Böttcher, 1990, 
Strijker, 2005, Walker et al., 2004).  The sustainability of intensive agricultural practices 
has been questioned and previous studies have examined closely the environmental 
impacts on plants (Wotavová et al., 2004), soil (Pietola et al., 2005) and water quality and 
resources (Grootjans et al., 2005, Schlüter and Böttcher, 1990).  All of the above changes 
have clear effects on wetland biodiversity, with a particular focus on vegetation changes 
and shifts in plant species strategies and processes.  Changes in the stress and disturbance 
level modified the stability of the wetlands habitats the resilience of characteristic plant 
species.  A total conversion from wetland to arable land will lead to a complete loss of the 
associated habitats and plant species and has a negative impact on geochemical cycles (e.g. 
decomposition and nutrient cycles).  At a local scale, agricultural intensification is seen to 
increase erosion, cause the loss of organic material, and diminish soil fertility, whilst at a 
regional scale, field extension has substantially altered landscape structure, caused the 
fragmentation of habitats, and resulted in the isolation of wildlife populations and modified 
water quality (i.e. eutrophication) (Soons et al., 2005). 
 
Agricultural intensification is one of the most important modern threats to semi-natural 
habitats, with many impacts manifest on wetlands and semi natural grasslands in particular.  
Figure 2-2 shows that wetlands are threatened by such human activities but there are also 
new pressures arising.  The main reason for wetland loss between 1990 and 2000 is 
afforestation representing up to 68% of wetland destruction, while wetland conversion into 
agricultural land accounts for 9.5%.  Thus, afforestation is an increasing threat to wetlands 
resulting in shifts in biodiversity and loss of wetland characteristics.  Another threatening 
consequence for wetlands, emerging from changing land use, and wet grasslands in 
particular is land abandonment. 
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Figure 2-2: Wetland conversion between 1990-2000 in Europe (European Environmental Agency, 
2006) 
 
2.5.2 Agricultural Abandonment 
Land/agricultural abandonment is defined as a lack of management and for semi-natural 
grasslands such as coastal wet grassland this implies a lack of grazing and/or mowing.  
MacDonald et al. (2000)  in a study of grasslands in mountainous areas, pinpointed the 
causes of land abandonment, especially in Western Europe where this phenomenon began 
post Second World War.  The main reasons for land abandonment appear to relate to social 
and economic factors.  The decrease in profitability of remote farms areas and the failure to 
develop alternative farming techniques and approaches induced a progressive neglect of 
some areas.  Over the past 50 years, this trend was apparent in many types of habitats but 
mountainous areas appear to be one of the more common, possibly due to their remoteness 
(MacDonald et al., 2000, Rosset et al., 2001), as well as semi-natural grasslands (including 
hay meadows, coastal wet grasslands and other wet grasslands).  In Europe approximately 
15 million ha of semi-natural grasslands have been abandoned (Benstead et al., 1999).  
Estonia lost around 80 % of its semi-natural grasslands to abandonment between 1918 and 
1999 (BioForum, 2003) and Latvia lost 19 % of its agricultural land to abandonment by 
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2000 (Busmanis et al., 2001).  Furthermore it has been estimated that in 1989 
approximately 245 000 ha of low-intensity grassland (i.e. semi-natural grassland) were 
abandoned in Portugal (Bignal and McCracken, 1996, MacDonald et al., 2000, Rosset et 
al., 2001). 
 
It is only recently, with the awareness of the issues surrounding biodiversity loss, that the 
ecological implications of land abandonment have been considered more fully and specific 
studies have been undertaken (European Environmental Agency, 2006).  As presented in 
Table 2-2, the effects of agricultural abandonment through lack of grazing or hay-mowing 
are varied and visible at different scales, from the landscape to the community level, and 
involve modifications to both ecosystem processes and dynamics.   
 
The main quantified effect of management decline is species loss, which was significant in 
many studies (Bunce, 1989, Burel and Baudry, 1995, Esselink et al., 2000, Luoto et al., 
2003, MacDonald et al., 2000, Peco et al., 2005, Pykälä et al., 2005, Rosset et al., 2001).  
In semi-natural grasslands, the first functional group to disappear from the grass sward is 
usually annuals (Persson, 1984).   
 
Annual plant species are often described as poor competitors due to the minimum 
requirements needed to fulfil their reproduction cycle.  However, these plant species seem 
to present adapted characteristics enabling them to sustain and survive disturbance 
episodes (Grime, 1979).  One of their main features is a fast reproduction cycle, which 
added to the capability of surviving stressful environment through a state of seed 
dormancy, facilitates persistence of annuals in plant communities (Fenner et al., 1999).  
Due to the lack of competitiveness and the poor attributes generally associated with annual 
life forms, periodic disturbance is essential for annuals to complete their cycle.  Gap 
presence in the vegetation sward and regeneration opportunities are negatively affected by 
grazing or mowing abandonment, as the availability of bare ground is reduced by increased 
growth and an increase in litter deposition from the standing vegetation.  The 
disappearance of these microsites has been proved to be detrimental for the germination of 
many species such as annuals (Crawley, 1997a, Fenner et al., 1999).  In grassland, it has 
been recognized that gap and patch dynamics are crucial in regeneration processes (Grubb, 
1977) and encourages high species richness as they decrease competition and favour 
establishment (van der Maarel, 2005).  However, gap and patch occurrence in the sward 
Chapter 2 Coastal Wet Grasslands   22 
depend upon frequent disturbance, either from natural sources (i.e. wind, tides, flood, 
wildlife and fire) or induced by humans through different management practices including 
cutting, burning or grazing. 
 
An increase in plant litter has been frequently observed when grazing/mowing cessation 
occurred.  Jensen and Schrautzer (1999) recorded an increase from 200 to 600 g.m-² in 
litter cover in fen grasslands following mowing and grazing abandonment.  Thompson and 
Grime (1979) described the negative effect of this physical litter barrier as it alters soil 
conditions such as humidity, temperature and light, and has an indirect effect on nutrient 
cycles.  Many studies have demonstrated that established plants and litter exert a negative 
effect on germination and seedling growth for many species resulting from a lack of light, 
although other mechanisms are involved that modify the nutrient cycles and litter 
decomposition (Facelli and Pickett, 1991, Jensen and Gutekunst, 2003, Jutila and Grace, 
2002, Thompson and Grime, 1979).  Foster and Gross (1998) simulated abandonment with 
litter addition to grassland plots and found that light penetration was highly diminished, 
which in turn impacted on the species richness by inhibiting germination and  forb 
establishment.  Rosset et al. (2001) linked the accumulation of necromass following land 
abandonment with its effects on soil evaporation and total evapotranspiration.   
 
Pykälä et al.(2005) also noted decreasing species richness in abandoned grasslands within 
the first ten years of the study, but did underline the changes in the vertical structure of the 
plant community as a result of the high coverage of taller species.  An increase of 
vegetation height following management abandonment has been regularly reported in 
many studies (Table 2-2), which is detrimental for the low growing grasses and other 
species typical of semi-natural grassland.  Long-term abandonment results in succession 
and low growing plant species and pioneer species typically decline in favour of taller and 
persistent species, ultimately reaching vegetation climax with shrub and woody species 
(Kuiters and Slim, 2003, Pickett and Cadenasso, 2005).  
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Reference Habitat Management Effects 
Pavlů et al. 
(2005)  
Alpine 
grasslands 
Cattle grazing 
cessation 
Litter; Sward height ; Species richness ; 
Annual species ; Low growing species ; Gap 
regeneration; Dominance  
Facelli et 
Pickett (1991)  Grazing cessation Litter ; 
Rosset et al. 
(2001) 
Wet subalpine 
grassland 
Grazing and 
mowing cessation 
Litter ; Species richness ; Evapo-transpiration 
higher in early and late season; Soil reflectance ; 
dominance  
Skórka et al. 
(2007) Wet grassland Mowing cessation 
High butterfly diversity in intermediate 
successional stages 
Persson (1984) Meadows Grazing cessation Species richness ; low growing species ; tall 
and erect species ; 
Peco et al. 
(2005) Dry grasslands Grazing cessation Sward height ; tall species ;  
Pykälä (2005) Mesic grassland Grazing cessation Dominance ; Tall species  
Kuiters and 
Slim (2003) Grassland Grazing cessation 
Tall species ; Shrubs and trees ; later 
successional stage 
Grace and 
Jutila (1999) 
Coastal 
meadows Grazing cessation 
Species density ; Competition and competitive 
exclusion  
Falińska 
(1999) Meadows Mowing cessation 
Shrubs and trees ; Dominant species ; sward 
height ; tall species ; germination ; 
Fossati and 
Pautou (1989) Fens Mowing cessation 
Dominance of species  ; Competition ; 
Tussocks formation , Sward height ; Gap 
dynamic ; Shrubs and trees ; Litter   
Bouchard et al. 
(2003)  
Coastal 
grassland Grazing cessation 
Species richness ; Dominance of species ; 
Homogeneity  
Bunce (1989) Grasslands  Land abandonment Competitive and dominant species ; Species 
richness ; Later successional stages 
Baur et al. 
(2006) 
Subalpine hay 
meadows Mowing cessation Shrubs and trees ; Macro-invertebrates;  
Bakker (2005) Grassland Mowing and 
Grazing cessation 
Tall species , Dominance ; 
Jensen et al. 
(1999) Wet grasslands 
Mowing/ grazing 
abandonment 
Vegetative reproduction ; Later successional 
stages; Sward height ;  
Luoto et al. 
(2003) Grassland Grazing cessation 
Species diversity ; uniformity of grassland; Rare 
plants ; Shrubs and trees  
Table 2-2: Ecological impacts of grazing and mowing abandonment on grasslands.  The  indicates an 
increase and the  indicates a decrease 
 
Abandonment of grazing and mowing can modify inter and intra-specific relationships 
such as competitive exclusion and dominance.  The equilibrium that allowed the 
occurrence of both stress-competitors and competitive species is shifted toward a 
dominance of highly competitive species in the sward (Jensen et al., 1999), such as 
Elytrigia repens or Phragmites australis in coastal wet grasslands.  These species are able 
to grow and colonize rapidly, as a result of faster resource mobilisation with numerous and 
adventitious roots, but they also capture light more efficiently, thereby depriving light 
access to lower species and altering the gap and patch dynamics (Bunce, 1989, Esselink et 
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al., 2000).  These changes are visible in highly dynamic environments, such as coastal wet 
grasslands (Bakker, 1998, Bouchard et al., 2003, Grace and Jutila, 1999) where natural 
disturbance such as a fluctuating hydrology still occur but where deprivation of 
management has affected the plant communities and their dynamics.  Restoration of these 
abandoned grasslands has become a priority (Bernhardt and Koch, 2003, Kotiluoto, 1998, 
Rosenthal, 2006) and several methods are suggested (Bakker, 2005): grazing, mowing or 
burning. 
 
2.6 Management 
2.6.1 Grazing 
Grazing, which has an historic link with the establishment and preservation of open 
habitats (e.g.  coastal wet grasslands), is one of the most commonly used tools in grassland 
management and restoration (Benstead et al., 1999, Duffey et al., 1974, Jutila, 1997, 1999, 
Loucougaray et al., 2004).  Grazing affects the three-dimensional sward structure and plant 
composition via the selective removal of some species and avoidance of others.  Plant 
functional traits have evolved with natural and animal selection.  In order to resist grazing, 
certain species have adapted their phenoloy, for example by changing their life form into 
rosettes, or by having small leaves and physical and chemical deterrents.  Lavorel et al.  
(1997, 1998) observed different plant strategies depending on grazing disturbance 
intensities and distinguished three categories:  
(i) Life history traits, i.e. annuals or short lived perennials 
(ii) Plant morphology, referring to a plant’s plasticity to adapt its height, root 
system and leaf shape and type.  Grazing will affect the leaves and stature of 
plants, so low-growing and lateral spreading morphologies are often more 
visible in grazed plant communities.  The presence of a basal meristem in 
monocotyledons (i.e. grasses, rushes or sedges) explains the success of these 
species in grasslands.  This anatomical structure is protected and out of 
reach of grazers and explains the rapid response from these plant species 
after defoliation or fire (Raven et al., 1999). 
(iii) Regeneration traits, which are particularly important for annual species.  
Many plants have adapted their seed dispersal mode, some to the extent of 
being exclusively zoochorus. 
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Naveh and Whittaker (1980) illustrated the influence of grazing and succession on species 
diversity (Figure 2-3).  Medium grazing intensity favours high species diversity whereas 
under low and intense grazing pressures, species diversity is low due to other mechanisms 
such as competition or environmental stress.   
Figure 2-3: Relationship between species diversity and grazing intensity (l: low species diversity; H: 
high diversity) (From Naveh and Whittaker, 1980) 
 
Pykälä (2005) studied the long term effects of low intensity grazing on mesic semi-natural 
grasslands and observed higher species richness associated with continuous seasonal 
grazing compared to an ungrazed site.  These results are consistent with previous findings 
(Bakker, 1989, Jutila, 1997, 1999, Persson, 1984) where it was noted that a decrease in 
sward height and litter cover occured, and an increase in bare ground within grazed sites.  
Annuals and dicotyledons seemed to benefit from such changes in the plant community, 
where the appearance of bare ground favoured seedling emergence.  Interestingly Jutila 
(1999), in her study of coastal wet grassland in SW Finland, did record a decrease in litter 
and vegetation height with grazing, but did not observe a beneficial impact on the annual, 
biennial and dicotyledon community, which in her study decreased.  This difference may 
be related to the environmental conditions of coastal wet grasslands, where water level 
fluctuations and salinity add to the stress, making these grasslands more sensitive to 
grazing.  Jutila (1999) also showed that grazing had a positive impact on salt-tolerant 
species, which are important for conservation considering the brackish condition of the 
Baltic Sea and low soil salinity.  These species are also characterized as poor competitors, 
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and suffer from tall and competitive vegetation, however they seemed to be less sensitive 
to grazing than other species.  Bonis et al. (2005) ascribed other benefits to grazing in 
coastal environments based on the idea that grazing practices induce modifications in soil 
conductivity and the occurrence of sub-halophytic and halophytic species depend on 
management and soil conditions.  Thus, halophyte and sub-halophyte species will grow 
better with lower soil conductivity, however their lack of competitiveness inhibits their 
expansion.  Thus management such as grazing can alter competitive exclusion and favour 
weak competitive species.  It also restrains robust competitors like Elytrigia repens, a 
robust tall grass species, or Phragmites australis, a tall and encroaching grass species.   
 
Olff & Ritchie (1998) underline that grazing influences not only the diversity at the plant 
community scale but also at the habitat scale.   When grazing is introduced at low intensity 
the uneven grazing patterns often results in a mosaic vegetation with short grass, tall forbs 
and shrubs (Bakker, 1989), which enhances biodiversity.  The heterogeneity is also 
dependant on the grazing intensity applied and the type of livestock (e.g. sheep, cattle, 
horses).   
 
The use of grazing has been commonly used in grassland restoration as a means of 
reinstating dynamic processes, reducing competitive advantage and enhancing biodiversity 
(Jantunen, 2003, Jutila, 1997, Persson, 1984, Redecker and Poshold, 2002).  The positive 
effects on species richness by decreasing competition and facilitating the establishment of 
poor-competitors such as halophytes in coastal wet grasslands, makes grazing a useful 
management tool.  Although grazing is highly recommended in wet grassland 
management, other practices are often used including mowing and burning.   
 
2.6.2 Mowing 
Mowing involves the cutting and removal of standing vegetation for use as animal fodder 
(Benstead et al. 1999), which can be followed by aftermath grazing.  Mowing was 
originally prescribed in productive grasslands due to the economic value of the hay or 
silage.  Nowadays, it is frequently used in wet grassland management as an alternative 
method to grazing.  Although mowing and grazing can present similar effects in respect to 
litter removal, maintenance of species richness and inter and intra-species relationships 
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(e.g. competition), mowing is a less selective method that produces a homogeneous 
landscape with uniform sward height (Benstead et al., 1999).   
 
The use of mowing is often recognized as an important management tool in wet grassland 
restoration.  Bakker (2005) presented mowing as an effective way of reducing nutrient 
levels in soils in previously fertilized grasslands and it is often recommended before 
introducing grazing as a way to reduce the tall dominant species and boost the habitat 
dynamics by creating gaps, increasing light penetration and stimulating the lower 
vegetation.  Jutila and Grace (2002) observed that cutting in grassland favoured already 
established plants and did not encourage seedlings due to the inhibiting action of litter.  
However mowing with removal of the cut vegetation had a higher seedling germination 
rate than cut sods.  Mowing does present several advantages compared to grazing, as it is 
not labour intensive, does not require fencing and it is highly recommended in wet 
grasslands where cover of Phragmites australis can be reduced and thinned by regular and 
frequent mowing in June and September (Güsewell, 2003). 
 
 
2.6.3 Burning 
Bond and Keeley (2005) revealed the role of fire in the distribution of biomes and 
described fire as a key disturbance in forested habitats and essential for the creation and 
spread of grasslands.   Natural fire is often a trigger for grassland regeneration as the 
physical and chemical effects of fire act as cues stimulating seed release, seed germination 
(Fuhlendorf and Engle, 2004, Jutila and Grace, 2002) and flowering (Christensen et al., 
1985, Van Staden et al., 2000).  Disturbance generated by burning of the litter and 
vegetation, contributes to the grassland patch dynamic resulting in an open sward 
beneficial for many grassland plant species (e.g. annuals) with high light requirements and 
presence of bare patches for seedling germination and establishment (Jutila and Grace, 
2002; Bond and Keeley, 2005) and it also reduces the competitive advantage exerted by 
tall and dominant species.  Natural fires constitute strong disturbance, however the amount 
and impact of such disturbance is not enough to maintain grasslands free from 
encroachment if they occur infrequently. 
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In grasslands and wetlands, fire is commonly used in fen-meadows in North America and 
occasionally prescribed in Europe to restore coastal grasslands, where these grasslands are 
densely overgrown by tall and coarse vegetation preventing grazing.  Burning is an 
effective and economical way to reduce litter, control overgrown shrubs and colonising 
species, and prevent woody species establishment (Middleton et al, 2006).  However, it has 
been shown to give some variable effects on the vegetation (Bakker, 1989, Costello et al., 
2000, Harrison et al., 2005, Hatch et al., 1999, RSPB et al., 1997).  Several studies have 
monitored the effects of fire that range from no changes in plant species richness (Isacch et 
al., 2004) to an increase of diversity (Jutila and Grace, 2002), as well as an efficient 
method to inhibit later succession (Fuhlendorf and Engle, 2004).  However, burning is 
rarely used in long-term management of coastal wetlands as it has potentially damaging 
effects on the vegetation, soil fauna and other wildlife.  The main observed change consists 
of a structural impact on the vegetation, which is only short term in many wetlands as 
many plant species present (e.g. Carex spp. and Juncus spp.) are mostly rhizomatous and 
develop normally following fires.  Changes in the habitat structure are more deleterious to 
the avifauna and invertebrates dependant on these wetlands than the vegetation itself 
(Brennan et al., 2005, Isacch et al., 2004).  In addition, the timing and frequency of fires 
have diverse effects on the standing vegetation, as a spring fire will be followed by an 
increase of annuals and seed release, whereas summer fires are characterized by high bare 
ground cover and low seed release (Laubhan, 1995).  
 
The presence of invasive alien plant species can result in alteration of the fire regimes to 
the detriment of native species, reducing the native bioidiversity. Brooks et al. (2004) 
emphasised the role of invasive alien species in grasslands, where they modify the fuel 
characteristics and fire regimes.  For example, Bromus tectorum encroachment increases 
the fuel load and therefore extends the length of the fire season and the frequency of fire 
regimes (Brooks et al., 2004).  Other studies have showed that invasive species actually 
benefit from fire events, as it is the case for Pinus radiata in Australia, where fire 
stimulates seed release and results in higher recruitment and seedling emergence to the 
detriment of native Eucalypt forest species (Williams and Wardle, 2005).  
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3 Study sites and Methodology  
3.1 Location 
 
 
Figure 3-1: General map of Estonia and the location of the study area 
 
Estonia in Eastern Europe (57º30’34”- 59º49’12” N and 21º45’49”- 28º12’44”E) holds 
internationally important coastal wetlands for biodiversity that are threatened by 
abandonment.  Estonia is a small country of ca. 45 000 km² bordered by Russia to the east, 
Latvia to the south and the Baltic Sea to the north and west (Figure 3-1).  Estonia has more 
than 3790 km of coastline including 2540 km on the 1500 islands and islets scattered 
throughout the Gulf of Finland and the Baltic Sea.  The largest islands are Saaremaa (2671 
km²), Hiiumaa (989 km²), Muhu (198 km²) and Vormsi (92.9 km²), which are part of the 
West-Estonian Archipelago in the Väinameri strait (Ratas et al., 1997a). 
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3.2 Geology  
The Estonian territory emerged following the last glacial retreat associated with the 
Flandrian regression between 18 000 and 11 000 years ago (Estonian Institute, 2006).  
Lowland areas were inundated with the melting of the ice sheets during the retreat, which 
resulted in numerous lakes, wetlands and the Baltic Sea.  In addition, the decreased weight 
and pressure from the ice sheets resulted in isostatic rebound, which uncovered new areas 
of land, bare flats and islets.  Figure 3-2 illustrates land uplift rates, which still affect the 
Estonian territory (mostly in the western part), exposing new flats at an average rate of 2.5 
mm per year with a maximum of 2.8-3.0 mm per year in the north-western part of the 
country (Vallner et al, 1988).  The altitude of Estonia ranges between 0 and 318 m a.s.l. 
with the highest point in the south-east of the territory and the lowest in the north-west 
where the relief rises up to 20 m a.s.l due to the young geological age (i.e. north west 
Estonia is the latest area to have emerged from the sea).  
 
The bedrock of the Western Estonian islands is generally Silurian and Ordovician 
limestone, marls and dolomites and lies at a variable depth depending on the age of the 
area.  Ratas et al. (1997a) characterized the soil as a thin layer of limey till and varved clay 
deposited during the Quaternary period and usually covered by marine and coastal 
deposits. In low coastal areas, the predominant soil types are classified as saline littoral 
soils (Salic fluvisols) originated from marine sediment deposits and Gleysols which are 
developed under waterlogged conditions during part or throughout the year (Ratas et al., 
1997a).  Saline littoral soils and gleysol soils condition the water flows within the soil by 
capturing the ground water, affecting the levels of ground water and their chemical 
properties such as salinity, nutrients or oxygen content.  The capacity to retain water over 
long periods in these coastal soils (i.e. saline littoral soils and gleysols) in the subsurface 
area is one of the environmental variables that regulate the salinity and therefore standing 
vegetation as plant species have to adapt to saturated soils, fluctuating water levels and 
variable salt concentration. 
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Figure 3-2: Estonian land uplift rates in mm.year-1 (Source: Vallner et al., 1998) 
 
3.3 Climate 
Estonia is situated northeast of the vast open plains from Eurasia and opens towards the 
Baltic Sea.  The relatively flat topography of the Estonian territory explains the variability 
in the climate throughout the country due to the lack of natural barriers such as mountains 
to deviate winds or climatic depressions.  The climate is influenced by continental inputs 
from the east and south with cold winters and warm summers tempered in coastal and 
western areas of Estonia by a maritime influence with milder winters and warmer 
summers.  The maritime influence declines along a northwest-southeast axis.  It is more 
influential on the north and western coast of Estonia where the coast is open towards the 
Baltic Sea whilst in the south eastern part of the country the climate in strongly influenced 
by continental inputs.  
 
Table 3-1 shows the monthly mean values for air temperature and precipitation for western 
Estonia.  The annual average temperature is 5.6ºC with February being the coldest month 
and July the warmest, and mean air temperature ranging from -5.4°C and 17°C, 
respectively.  The vegetation growing season is strictly dependant on the air temperature as 
the number of days with air temperatures above 5ºC ranges from 165 to 185 and drops to 
110-135 days for average air temperatures greater than 10ºC (Paal, 1998). 
 
Precipitation also varies between coastal areas and inland, although the overall average 
rainfall for Estonia is 650 mm per year with some regions receiving up to 750 mm.  In 
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western Estonia, the amount of precipitation is greater than the national average with a 
maximum total of 690 mm.  The wettest month recorded is August with an average of 86 
mm and the driest March with just 35mm of rainfall (table 3-1).  The evapotranspiration in 
Estonia is lower than the annual rainfall; the excess water, approximately 200 to 300 mm 
per year feeds the numerous wetlands scattered in Estonia.  
 
The mild temperatures in winter in coastal areas impinge on the duration and amount of 
snow cover which increases along a northwest-southeast gradient.  The lowest number of 
days with snow is on Saaremaa Island, in western Estonia, with 65 days and the highest 
number has been registered in the southeast of the territory with 122 days (Ratas et al., 
1997a).  On average the western islands of Estonia have permanent snow cover between 
early January and end of March with an average of 88 days per year of snow cover.  
 
 J F M A M J J A S O N D Annual 
Average air 
temperature 
(ºC) 
-5.3 -5.4 -1.8 3.9 10.6 15.1 17.0 16.0 11.6 7.0 1.8 -2.6 5.6 
Average 
precipitation 
(mm) 
42 29 35 36 37 47 70 86 75 68 73 58 656 
Table 3-1: Monthly mean temperature (°C) precipitation (mm) and snow fall (cm) in West Estonia 
(Source: www.fao.org, consulted on 13/03/07) 
 
The coastal areas of Estonia are frequently affected by strong winds with the islands annual 
wind speed average of 6.5 m.s-1 reaching up to 8 m.s-1 in winter (Ratas et al., 1997b).  
These strong and frequent winds influence the water levels in summer, forcing the Baltic 
Sea inland as well as generating ice movement during winter.  The islands of the 
Väinameri, of which the study site Vormsi belongs, are covered with an average thickness 
of snow of 22 cm for a period of approximately 88 days, the longest period in the west 
Estonian archipelago.  The coastal areas, which are covered by an ice sheet from freezing 
of flood water and snow precipitation, are affected by the movements of this ice sheet 
through scraping of the soil, displacement of organic matter in the top layer of the soil, and 
uprooting or tearing the established vegetation.  These natural disturbances are important 
to consider due to their role in creating gaps in the vegetation as well as deposition areas 
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where dead plant material and organic matter accumulate and can create a physical barrier 
for the underlying vegetation.  
 
3.4 Hydrology 
The relatively flat topography of Estonia and the melting of the ice sheet created many 
lakes covering 4.7% of the country, mainly located in the south where the relief is variable 
with low hills.  Many small rivers drain the territory, mostly feeding the lakes, and several 
rivers are also present on the large islands of Saaremaa, Hiiumaa and Muhu.  In western 
Estonia the Kasari river is the largest and main freshwater input flowing into the Väinameri 
strait through Matsalu Bay with an annual inflow estimated to be 1x109 m3 (Astok et al., 
1999).  These inputs have limited influence on the salinity of the Baltic Sea as the salt 
content in this part of the Baltic varies between 5 and 7 ‰ and the fluctuations are mainly 
caused by winds mixing the water fluxes (Astok et al., 1999, Ratas et al., 1997b).  The low 
salt content of the Baltic Sea is mainly due to the lack of connectivity with the Atlantic 
Ocean through the Danish Strait and the amount of freshwater inputs from major rivers 
(e.g. Oder, Vistula, Neva), runoff, precipitation and snowmelt.  The Baltic has an average 
salinity of 10 ‰ with the highest salt content measured near the Danish strait with 
approximately 20 ‰ and shows a decrease in salinity towards the North and East of the 
Baltic Sea to attain salinity gradients of 1-3 ‰ (www.fimr.fi, accessed on 13 March 2007).  
Irregular salt water inputs from the North Sea pushed through the Danish strait by strong 
winds increase the salt and oxygen content.  These events are infrequent so the salinity of 
the Baltic Sea stays low, however seasonality patterns are noticed in the salinity gradient 
with an increase in winter when ice forms and a decrease in salt content with the addition 
of fresh water in spring from snowmelt and river discharge (Astok et al., 1999).  The 
temporal variations of wind speeds also participate in salinity fluctuations as water flows 
are pushed by winds which results in mixing the water column of freshwater and salt water 
(Astok et al., 1999).  
 
Other characteristics of the Baltic Sea are the shallow depth and lack of tides.  The average 
depth of the Baltic Sea is estimated at 55 m with a maximum of 459 m in the western part 
of the Baltic Sea.  In the Väinameri straits, west of Estonia, the average bathymetry is 
approximately 4.9 m with a maximum depth of 22 m.  The shallow water and flat sea 
bottom explain the lack of tides or micro tidal regime encountered.  In Estonia, the tides 
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are minimal with 3 cm tides recorded in this part of the Baltic Sea (Håkanson, 1991 in 
Ratas et al, 1997).  Sea water fluctuations are mainly generated by winds, especially 
western winds, inducing periodic flooding in coastal areas.  
 
The hydrological regimes of western Estonian coastal wetlands and grasslands are highly 
dependant on Baltic Sea flooding, duration and magnitude.  As mentioned above, wind 
occurrence and strength show seasonality patterns, with stronger winds in winter and 
reducing force in summer.  The frequent occurrence of winds in coastal areas and the flat 
topography facilitates the entrance of sea water inland to the coastal wetlands.  These 
frequent but irregular inputs of brackish water flood the coasts submerging the vegetation, 
recharging the ground water aquifer, and inundating the small depressions creating salty 
water pools within the coastal zone.  The intensity of the flooding depends on the 
geographical position of the coastal grasslands, with western areas under the influence of 
stronger winds compared to eastern areas, as well as the shape of the coastline, as the 
magnitude of flooding is greater in bays.  In addition, the presence of protection such as 
islets, dunes or dense vegetation (e.g. reedbeds) acts as a natural barrier and tends to 
moderate the extent of the flooding.  Thus, the dynamic hydrology of coastal areas in 
relation to the water sources (i.e. precipitation or sea water flooding) is a driving factor for 
coastal habitats, influencing plant species establishment, plant community zonation and 
species richness (Keddy, 2000, National Research Council, 1995, Vince and Snow, 1984). 
 
3.5 Vegetation 
Estonia belongs to the boreal biogeographical region and supports hemiboreal or boreo-
nemoral vegetation types (Ahti et al., 1968, Paal et al., 1998).  The Estonian territory is 
divided into four major vegetation types (Table 3-2) with forest, mires, semi-natural 
grasslands and arable land (BioForum, 2003, Paal, 1998, Paal et al., 1998).  
3.5.1 Forest and woodlands 
Forest and woodlands cover nearly half of the country (48 %) and forestry is one of the 
major industries in Estonia.  Forests are predominantly composed of coniferous North 
European associations of Norway spruce (Picea abies) and Scot’s pine (Pinus sylvestris) 
mixed with deciduous species like silver birch (Betula pendula) and aspen (Populus 
tremula). 
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Table 3-2: Vegetation types in Estonia (in percentage cover) (Source: Paal et al., 1998; BioForum, 
2003; www.einst.ee ,accessed on 14 March 2007) 
 
3.5.2 Mires 
Mires cover 23% of Estonia and represent the second predominant vegetation type.  In 
Estonia, mires have a geological origin dating back to the Flandrian regression, fed by the 
melting ice and nowadays by excess precipitation, runoff and/or ground water discharge.  
The distribution of peat and mires is widespread over the territory and is divided into three 
types, fens, transitional mires and bogs, distinguished by the origin of water supply and 
pH.  Fens are alkaline wetlands covering 13 % of Estonia, mostly fed by ground water and 
often precipitation.  Transitional mires represent 3 % of the total country; they are often 
described as a transitional succession stage between fen and bog.  Finally, bogs are acidic 
habitats dominated by Sphagnum sp. mainly fed by rainwater and cover up to 7 % of the 
total area of Estonia.  
 
3.5.3 Semi-natural grasslands 
As shown in table 3-2, semi-natural grasslands accounted for 20% of Estonia’s territory in 
the 1990’s but in 1939 such habitat represented up to 33 % of the entire territory.  Semi-
natural communities are plagio-climax habitats where succession is arrested by continuous 
and low-intensity management (Duffey et al., 1974) typified in Estonia by short vegetation 
maintained by cattle or sheep grazing, or cutting for hay once to twice annually.  These 
traditional management practices resulted in a mosaic of habitats including wooded 
meadows, floodplain grasslands, alvars and coastal wet grasslands, all of which can 
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support high flora and fauna diversity (Kull et al., 2002, Luhamaa et al., 2001, Paal, 1998, 
Paal et al., 1998).  In the last half of the 20th century, Estonian semi-natural communities 
have suffered from agricultural abandonment resulting in great loss of these open habitats 
due to encroachment of taller and woody species.  
 
Wooded meadows were the most widespread semi-natural community pre-second world 
war, representing 850,000 ha or 18% of the territory (Paal, 1998).  Wooded meadows are a 
two-layer habitat with a scarce tree canopy above a species-rich herb layer essentially 
maintained by mowing.  Estonian wooded meadows are proposed as the most species-rich 
plant community in northern Europe (Kull and Zobel, 1991) and also host rare plants such 
as orchids (e.g. Orchis militaris, Orchis ustulata, Ophrys insectifera, Gymnadenia 
conopsea, Cephalanthera longifolia).  
 
Floodplain grasslands are periodically flooded semi-natural communities distributed along 
the large river plains of Estonia, mainly in the southern and western part of the territory.  
The maximum area covered by floodplain grasslands was 80,000 ha (Luhamaa et al., 2001) 
which decreased following World War II due to land-use changes such as drainage, 
cultivation or abandonment (Paal, 1998).  Such grasslands barely represented 25,000 ha in 
the 1980’s (Paal et al., 1998) and, although are not yet considered as rare, they are 
declining mainly due to a lack of mowing.  
 
Alvars are dry semi-natural grasslands covering approximately 45,000 ha (ca. 1%) in 
Estonia and grow on thin soil formed on shallow calcareous outcrops limited to western 
Estonia and the islands.  The particular ecological setting (i.e. shallow calcareous bedrock) 
combined with low-intensity sheep grazing make alvars unique habitats featuring 
calciphilous species (e.g. Filipendula vulgaris, Sesleria caerulea, Asperula tinctoria and 
Ranunculus bulbosus), subatlantic species (e.g. Phleum bertolonii, Orchis morio, Saxifraga 
tridactylite and Sedum album), subarctic species (e.g. Potentilla crantzii, Poa alpine and 
Cerastium alpinum) and characteristic species from continental steppe vegetation (e.g. 
Artemisia rupestris, Potentilla neumanniana, Astragalus danicus) (Paal, 1998).  Species 
richness in this semi-natural habitat may reach up to 30 species per m² (Kaljuste, 2004) and 
many orchids grow in such areas, justifying the high priority and importance given to 
preserving such habitat.  
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Finally, coastal wet grasslands are the last type of semi-natural grassland represented in 
Estonia.  Coastal wet grasslands are unique and dynamic semi-natural grasslands highly 
dependant on regular low-intensity management, resulting in a mosaic of habitats hosting 
characteristic species, some of which are rare and threatened with extinction (Bakker, 
1998, Paal, 1998, Prins et al., 1998, Van Wieren et al., 1998).  They are located in western 
Estonia and its islands, with some along the northern coast.  Coastal wet grassland fomerly 
covered and area of approximately 35,000 ha at the beginning of the 20th century but 
declined to 28,750 ha by 1950 (Laasimer, 1965) and 9,513 ha by 1970 (Paal et al., 1998).  
The cessation of traditional management, forced by collectivisation from the 1950’s and in 
the 1990s by the collapse of the Soviet Union, resulted in further neglect and loss of 
coastal wet grasslands communities (Hedin, 2005, Joyce and Burnside, 2004). 
 
3.5.4 Coastal wet grassland plant communities 
The extensive and relatively flat coastal topography of western Estonia, not exceeding 0.8 
m a.s.l, has encouraged coastal wet grasslands to establish and expand (Puurmann and 
Ratas, 1998, Ratas et al., 1997b).  Such semi-natural grasslands are tied to a long history of 
low intensity grazing and/or mowing and rely upon periodic flooding from the Baltic Sea, 
which combined with the low lying topography, typify these shores and their mosaic of 
low growing vegetation.  
 
3.5.4.1 Burnside et al.(2007) classification 
The classification is based on a cluster analysis using the percentage cover of 198 quadrats 
across 43 different vegetation patches (Figure 3-3) (Burnside et al, 2007). The analysis 
distinguishes seven key plant communities identifiable in Estonian coastal wetlands, which 
are open pioneer (OP), club-rush swamp (CS), reed swamp (RS), lower shore grassland 
(LS), upper shore grassland (US), tall grass (TG) and scattered scrub (SW).  Table 3-3 is a 
phytosociological key developed by Burnside et al. (2007) characterizing each of the seven 
key habitats and their species composition expressed in frequency and abundance values.  
 
Open pioneer habitats are frequently inundated depressions that usually dry out in summer, 
resulting in salt deposits and high soil conductivity (Burnside et al. 2007).  Open pioneer 
are early successional habitats (Puurmann and Ratas, 1998) with sparse vegetation and 
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bare ground counting for more than 50 % of the percentage cover.  The plants present are 
euryhaline species adapted to the occasional high salinity levels and fluctuating water 
levels, dominated by Suaeda maritima, Juncus gerardii, Triglochin maritima and other 
locally typical halophytic plant species (e.g. Bulboschoenus maritimus, Salicornia 
europaea, Glaux maritima and Plantago maritima).  Agrostis stolonifera, a common grass 
of wet grasslands, is also present in open pioneer patches at variable abundance ranging 
from less than 4% to a maximum of 50 % cover.  In addition, the maintenance of this 
habitat is highly dependant on disturbance such as grazing management or flooding to keep 
open the vegetation sward.  Open pioneer constitutes an important habitat for Estonia as it 
holds many halophytic plant species that are of rare occurrence in this part of the Baltic 
coast (Burnside et al.2007).  
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Species OP CS RS LS US TG SW 
Bare (+5%) V (7-9) V (4-8) V (1-8) V (1-5) III (1-4) III (1-5) V (1-7) 
Suaeda maritima V (1-6)          
Juncus gerardii V (1-3)    V (4-9) IV (1-5) I (1-3)  
Litter IV (1) V (3-5) V (3-8) V (3-5) V (1-7) V (3-6) V (3-5) 
Agrostis stolonifera III (1-7) I (2-4) II (2-4) V (3-7) IV (3-7) III (3-5) IV (3-4) 
Triglochin maritima III (1-4) IV (1-5) II (1-4) V (1 -5) V (1-4) II (1-4) I (1) 
Bulboschoenus maritimus II (1-5) V (4-7) II (1-3) I (1-5) I (1)    
Salicornia europaea II (1-2)          
Glaux maritima II (1) I (1-4) I (3-5) V (1-7) IV (1-4) II (1-3) I (1) 
Plantago maritima II (1) I (1) I (4-5) V (1-5) V (1-7) II (1-5) II (1-4) 
Schoenoplectus lacustris 
 IV (4-8) I (4) I (1) I (1)    
Eleocharis palustris 
 II (1-8) I (1-3) III (1-5) II (1-7)    
Phragmites australis 
 I (1-3) V (5-9) III (2-5) I (1-3) IV (1-5) III (1-4) 
Elytrigia repens 
  II (2-4)   I (3-4) V (3-8) II (3-5) 
Galium palustre 
  II (1-5) III (1-3) II (1-4) III (1-5) II (1-4) 
Festuca rubra 
  I (1-3) V (3-7) V (4-8) V (3-7) III (3-5) 
Peucedanum palustre 
  I (1-2)   II (1-5) III (1-4) III (1-3) 
Vicia cracca 
  I (1)   I (1-4) IV (1-4) III (1-4) 
Potentilla anserina 
  I (1) II (1-4) II (1-4) V (1-5) III (1-4) 
Moss 
    II (1-4) IV (1-3) III (1-5) III (1-7) 
Leontodon autumnalis 
    II (1-3) V (1-4) II (1-4) II (1-3) 
Molinia caerulea 
    I (3-5) II (1-7) I (1-8) III (4-7) 
Carex nigra 
    I (1-4) II (1-5) I (1-3) I (1-4) 
Centaurium littorale 
    I (1-2) II (1-3)   II (1-3) 
Carex distans 
    I (1) II (1-6) II (1-6) I (1-5) 
Galium verum 
    I (1) I (1) II (1-4) IV (3-5) 
Trifolium pratense 
    I (1) II (1-3) III (1-4) II (1-4) 
Juniperus communis 
    I (1) I (1)   IV (1-7) 
Carex glareosa 
      I (1-4)    
Valeriana officinalis 
       IV (1-5) III (1-4) 
Festuca arundinacea 
       III (3-7) I (1-5) 
Achillea millefolium 
       II (1-5) III (1-5) 
Angelica palustris 
       II (1-3) I (1-3) 
Centurea jacea 
       I (1-4)  
Frangula alnus 
       I (1) II (1-8) 
Pinus sylvestris 
       I (1) III (1-8) 
Orchid spp. 
         I (1) 
 
       
Table 3-3: Phytosociological key of the seven habitats identified on Estonian coastal grasslands 
(Burnside et al., 2007) with OP: Open Pioneer, CS: Club-rush swamp, RS: Reed swamp, LS: Lower shore 
grassland, US: Upper shore grassland, TG: Tall grass grassland and SW: Scattered scrub. Frequency values 
vary between I and V (I: 1-20%, II: 21-40 %, III: 41-60%, IV: 61-80% and V: 81-100%) and quantify how 
frequent one species is within the sampled quadrats. For example, I means that the species is present in 1 to 
20% of the surveyed quadrats and V that the species is present in 81-100% of the quadrats.  The abundance is 
related to percentage cover and expressed using the Domin scale: 1: <4 % with few individuals, 2: <4% with 
several individuals, 3: <4% with many individuals, 4: 4-10 %, 5: 11-25%, 6: 26-33%, 7: 34-50 %, 8: 51-75 
%, 9: 76-90 %, 10: 91-100%.   
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The swamp vegetation is divided into two communities (figure 3-3): the club-rush swamp 
(CS) and reed swamp (RS), both of which show similarities in vegetation structure and 
plant species.  Club-rush swamps (CS) are generally transitional habitats between the 
coastal mudflats and grasslands, dominated by Bulboschoenus maritimus and /or 
Schoenoplectus lacustris with a high percentage cover of bare ground (Table 3-3).  The 
proximity of this habitat to the coastline allows frequent inundation and maintains swamp 
species such as Eleocharis palustris, Triglochin maritma and Phragmites australis.  
Although club-rush swamps are species-poor habitats, the regular waterlogged conditions 
offer feeding grounds for wildfowl and waders, increasing the biodiversity.  In grazed 
areas, club-rush swamps are maintained by the occasional trampling along the shoreline, 
however under abandonment the habitat is overgrown and dominated by Phragmites 
australis and develops into reed swamps (RS).  
 
Reed swamps (RS) develop in waterlogged soil conditions, often growing along the 
coastline, and the vegetation is dominated by Phragmites australis, a robust grass.  The 
brackish and micro-tidal conditions of the Baltic Sea do not offer any barrier to the growth 
and expansion of Phragmites australis which develops to create extensive reedbeds.  
Agricultural abandonment, in particular the lack of grazing, has largely contributed to the 
expansion of reedbed inland to the detriment of coastal grasslands, hence the occurrence of 
reed in drier areas.  Burnside et al. (2007) quantified the development of Phragmites 
australis following abandonment, and underlined the extensive area encroached in 
abandoned grasslands (66 %) compared to managed grasslands (6 %). 
 
Another main plant community group distinguished from open pioneer and swamp 
vegetation is grasslands, which is divided into two different sub communities based on 
moisture: 
 
i) Wet grassland (WG), situated in the lower coastal zones and typified by 
four core species: Glaux maritima, Festuca rubra, Triglochin maritima 
and Juncus gerardii.  This habitat type is further divided into two 
communities that are Lower shore (LS) and Upper shore (US). 
ii) And Grass and Scrub (GS) which are drier and more densely vegetated 
grasslands located on higher ground so less influenced by flooding.  Tall 
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grass (TG) and scattered scrub (SW) are two vegetation types identified 
by the high cover of Elytrigia repens for the former community and 
Molinia caerulea for the latter.  
 
Lower shore grasslands (LS) are normally located in the lower and middle geolittoral 
zones of coastal wetlands where the topography ranges between 0.2-0.4 m above sea level 
(Puurmann and Ratas, 1998).  Flooding is frequent in summer and autumn as well as 
waterlogged soil and high soil salt content.  These environmental factors affect the 
established vegetation favouring halophytic plant species.  Juncus gerardii is the dominant 
species with a frequency estimated between 81 to 100 % and is associated with 
hygrophilous plant species (e.g. Triglochin maritima, Plantago maritima, Glaux maritima, 
Agrostis stolonifera, Eleocharis palustris and Festuca rubra) (Table 3-4).  Lower shore 
grasslands are especially important for the high biodiversity they support predominantly 
wildfowl and waders. 
 
Upper shore grasslands (US) are located on higher topography, in the upper geolittoral 
zone (>0.4 m a.s.l.), where the periodicity and duration of floods are not as frequent as in 
lower shore grassland resulting in more diverse vegetation.  The plant community consists 
of a mix of wetland halophyte species similar to the lower shore grasslands species (e.g. 
Juncus gerardii, Agrostis stolonifera, Glaux maritima and Plantago maritima) and 
glycophyte species characteristic of moist and drier environments in lower abundance (e.g. 
Leontodon autumnalis, Galium verum, Vicia cracca and Potentilla anserina) (Table 3-3).  
Upper shore grasslands occasionally support Carex glareosa, which is a rare species in 
Estonia as it reaches its southern distribution limit (Kull et al., 2002, Workgroup of Red 
Data Book of Estonia, 2002). 
 
Tall grass (TG) is a densely vegetated habitat growing in the higher zones of coastal 
grassland, out of reach of most sea water flooding but with a fluctuating ground water 
table.  This relatively species-rich plant community is dominated by grass species such as 
Elytrigia repens, Festuca rubra and Festuca arundinacea and shows a high frequency of 
litter and Potentilla anserina and a large variety of forbs (e.g. Achillea millefolium, 
Angelica palustris, Centaurea jacea, Eriophorum angustifolium, Peucedanum palustre, 
Taraxacum officinale, Trifolium pratense and Valeriana officinalis) (Table 3-3). 
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Figure 3-3: Estonian coastal wetlands classification (Source: Burnside et al. 2007) 
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The final identified habitat is Scattered scrub (SW) characterised by the frequent presence 
of ligneous species such as Juniperus communis complemented by Frangula alnus and 
Pinus sylvestris (Table 3-3).  There is often a diverse grass and herb underlayer depending 
on soil moisture.  In the wet variant, the dominant grass is Molinia caerulea associated 
with Galium palustre, Peucedanum palustre and Potentilla anserina, whereas the drier 
variant is typified by a high frequency and abundance of Galium verum. 
 
The presence of these different plant communities is related to habitat management, mainly 
low-intensity grazing.  Visible changes appear at the plant community level following 
agricultural abandonment with the loss of characteristic species to the detriment of tall and 
robust species such as Phragmites australis and Elytrigia repens, two competitive grasses 
favoured by grazing abandonment. 
 
3.6 Two encroaching grasses: Phragmites australis and Elytrigia repens 
 
Richardson et al. (2000) refer to “weeds” as unwanted native species that have colonised 
or encroached and have the potential to dominate the community.  This could include 
Phragmites australis and Elytrigia repens, two grass species that, subsequent to their 
encroachment, can cause detrimental effects upon coastal wet grasslands. 
3.6.1 Phragmites australis (Cav.)  Trin. ex.Steud. (Common reed) 
Phragmites australis (Cav.) Trin. ex.Steud. is a tall and robust grass species native to 
wetlands and has a worldwide distribution, mostly growing in fresh and brackish waters 
(Van der Werff et al., 1991).  This helophytic perennial graminaceae (i.e. the bud rests 
within marshy ground during the wintering season) grows tall erected stems of 2-6 m from 
an often dense network of rhizomes, has broad (2-3 cm) and long (20-50 cm) leaves, and 
flowers in a purple panicle 20-50 cm long.  No soil type requirements are needed as it 
grows on diverse substrates from gravel to clay and adapts to various pH values, ranging 
from 3.6 to 8.6.  
 
Its ability to transport oxygen to its root system (Armstrong et al., 1997) confers upon 
P.australis a high tolerance to water level fluctuations and flooding.  As a result, P. 
australis is able to grow in saturated soils as well as in drier soil where rhizomes develop 
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to reach the ground water table at a maximum depth of 2-4 m (Haslam, 1972).  Adapted to 
freshwater and brackish habitats, common reed also develops under relatively high salinity 
concentrations of 20-25 ‰ (Mauchamp and Mésleard, 2001) and up to 40 ‰ in 
greenhouse experiments (Hellings and Gallagher, 1992).  Observations from Burdick et al. 
(2001) and Mauchamp and Mésleard (2001) describing the presence of P. australis in 
polyhaline marshes (salinity > 18 ‰), in which the density seemed to be unaffected, 
suggest that P. australis develops deeper roots to capture lower salinity ground water when 
surface water shows high salt content.  This capacity to grow under variable salinity levels 
enables P.australis to colonize numerous wetland habitats from freshwater to coastal and 
tidal zones and explains the thriving establishment of P. australis in Estonian coastal areas, 
where the periodic flooding, subsurface ground water table and brackish water (5-7‰) 
offer favourable environmental conditions.  
 
Vegetative growth of P. australis is its foremost way of reproduction when soil is saturated 
and frequently flooded, however seed germination appears to be high and successful 
enough to colonise new bare mud flats, adding to reed expansion (Alvarez et al., 2005). As 
a result of this rapid multiplication, P.australis tends to develop and form extensive 
reedbeds characterized by a dense and tall sward dominated or often exclusively 
constituted of P.australis.  Reedbeds are usually species-poor habitats since few plant 
species are associated with P. australis due to its height, impinging on light availability, 
and high shoot density in well established reedbeds.  For example, in medium brackish 
conditions (salinity 5 to 15 ‰) the maximum shoot density counted was 353 ± 240 shoots 
per m², resulting in a dense vegetation stand and the impossibility for new plant species to 
establish (Alvarez et al., 2005).  In dense reedbeds, species diversity increases from the 
centre of the reed bed towards the stand edge, where P.australis is scarce and generally 
associated with other plant species typical of marshes.  Reedbeds are often considered as 
species-poor, closed and monodominant habitats with few plant species, nonetheless, they 
sustain important faunal biodiversity and host specialized birds species such as Bearded 
reedling (Panurus biarmicus), Reed warbler (Acrocephalus scirpaceus), Reed bunting 
(Emberiza schoeniclus), Great bittern (Botaurus stellaris) and Purple heron (Ardea 
purpurea).  All these species are strongly dependant on the quality, conservation status and 
management practices of reedbeds (Barbaud and Mathevet, 2000, Poulin et al., 2002). 
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In contrast to North American wetlands, which suffer from a rapid expansion of P. 
australis (Chambers et al., 1999), European reedbeds experienced substantial die-back in 
the last 50-60 years, except in Mediterranean areas (Alvarez et al.,2005), Scandinavia (Van 
der Putten, 1997) and the Baltic States, of which Estonia is an example.  In Estonia, 
P.australis is a common species of inland wetlands, and is also well established in coastal 
habitats.  The hydrological conditions such as periodic flooding with brackish Baltic 
seawater and fluctuating ground water that occur on the low-lying coastline, offer ideal 
environmental conditions for P.australis to develop and grow into large reedbeds.  
Nowadays, P. australis is sometimes considered as a nuisance because of the habitat 
changes it generates and its influence on species richness (Chambers et al., 1999).  P. 
australis has invaded the low growing and species-rich coastal grasslands in Estonia since 
management ceased and transformed this open vegetation into a dense and tall sward with 
enhanced litter deposition, resulting in a decline of biodiversity.  The direct effects of this 
structural change are lower plant diversity and habitat homogeneity, which have 
repercussions for wildlife such as wading birds that are closely dependant on open 
vegetation for nesting and feeding.  
 
3.6.2 Elytrigia repens (L.) Desv. ex Nevski (Couch grass) 
Elytrigia repens (L.) Desv. Ex Nevski is a common perennial grass native to Eurasia and 
has been introduced in many temperate countries.  The species thrives in cooler climates 
such as northern temperate regions, but is however absent from the tropics (Palmer and 
Sagar, 1963) and has been classified as “one of the world’s worst weeds” (Grime et al., 
1992).  E. repens is commonly found in waste and cultivated areas, rough ground, and 
hedge bottoms as well as wet meadows, low lying grasslands and wetland edges, as it 
tolerates dry to wet environments (Grime et al., 1992).  E. repens shows no significant 
affinities with any particular soil types, as it establishes both in heavy and light soil except 
rock outcrops and tolerates pH ranging between 6.5 and 8.0. It produces extensive 
rhizomes reaching a depth of 40 cm in some areas and erect stems up to 120 cm forming 
tufts or large uniform patches within the vegetation.  The thin (3-10 mm) and long leaves 
(8-20 cm) are usually flat and of variable colour from green to greyish-green and have 
auricles at their base. The spike (5-10 cm) is erect, straight, loose to compact and presents 
stalkless spikelets (8-20 mm) falling at maturity.  The flowering season starts in mid-June 
until September and the seed production is approximately 25-40 per flower head with a 
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possible maximum of 400, however few seeds are viable (Bond et al., 2006).  The main 
reproduction method is vegetative growth, which is accelerated by the extensive 
production of rhizomes.  It has been counted that one single plant may produce up to 150 
rhizomes in the first growing season if the required environmental conditions are met and 
that their length may reach up to 1 m (Palmer and Sagar, 1963).  In addition, E.repens 
thrives under colder climates as the low temperatures during winter stimulate vegetative 
growth (Palmer and Sagar, 1963).  This ability to grow under cool temperatures gives it a 
head start in early spring and explains the dominance over other species needing warmer 
temperature to start their growth. 
 
E.repens is considered to be a pioneer species as a result of its great capacity to invade and 
colonize bare areas, such as waste places or freshly ploughed fields and forms patches of 
tall and dense leaf canopy (Grime et al. 1992).  Grime et al. (1992) define this grass as a 
stress tolerant competitor and competitive ruderal as a result of its high regeneration 
capacity from rhizome fragments, its high consumption of nutrients and moisture and its 
fast growth, making E.repens a competitive species commonly dominating the vegetation 
sward and outcompeting the lower plant species. 
 
A few studies investigated the impact of management on grasslands and reported an 
increase of E.repens in abandoned and undisturbed fields (Jantunen and Saarinen, 2002, 
Pavlů et al., 2006) reaching a maximum abundance 4-5 years following agricultural 
abandonment (Yurkonis et al., 2005), although a decrease in cover was noticeable with 
shrubs and woody species establishment and dominance.  Although Grime et al. (1992) 
listed E.repens as a relatively palatable grass, it is noticeably absent from pastures as it 
does not tolerate heavy disturbance such as intense leaf defoliation through grazing and 
trampling. 
 
In Estonia, the studied coastal wet grasslands have been abandoned for 20-25 years, and 
robust species such as E.repens have become abundant, overgrowing the sward in dry to 
wet grasslands (Burnside et al., 2007).  Tall grass and upper shore grasslands are the most 
affected by E.repens encroachment as these plant communities are typified by an 
intermediate moisture level which suits this robust grass.  Although E.repens has been 
identified as a common grass growing in undisturbed and abandoned arable fields and 
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grasslands, the direct effect of such encroachment on low-growing species in coastal wet 
grassland and reinstating management has not been fully identified.  
 
The high conservation value of Estonian coastal wet grasslands and threats from 
Phragmites australis and Elytrigia repens in abandoned grasslands, suggests a need for 
restoration and conservation of such grasslands.  In particular, there is a critical need to 
assess the effectiveness of conservation management in relation to the colonisation and 
expansion of Phragmites australis and Elytrigia repens. 
 
3.7 Study Sites 
 
The existing natural environmental conditions, such as the hydrology, the management 
history of the area, and the high conservation value regarding plant species and fauna (e.g. 
birds, macro-invertebrates) conferred ideal conditions to study abandonment on coastal wet 
grasslands.  In addition, little information is available on the responses, at the plant 
community level, to long term and short term management shifts in this particular habitat.  
In order to fulfil this gap in knowledge and have a better understanding of the ecological 
processes taking part in coastal wet grasslands this research was established in Estonia.  
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Figure 3-4: The location of the three study sites in western Estonia, namely Tahu on the mainland and 
Hosby and Rumpo on Vormsi Island 
 
The study is divided into three experiments and took place in three distinct areas (Figure 3-
4), the first was set on the mainland at Tahu in Silma Nature Reserve, and the second and 
third were situated on Vormsi Island at Hosby and Rumpo.  Each location had defined 
aims and objectives to investigate the effects of abandonment and reinstated management 
practices upon typical coastal wet grasslands plant communities. 
3.7.1 Tahu 
3.7.1.1 Location and description  
The Tahu study site is part of Silma Nature Reserve, which is located in the north-western 
part of Estonia, in Läänema county (59º58’30” N – 23º33’51” E).  It was first created in 
1998 to ban bird hunting in this area.  The protected area covers 4780 ha of private and 
state owned land and also includes the northern part of Haapsalu bay, a partially enclosed 
water body connected to the Väinameri Sea by the south.  The topography is low, showing 
maximum heights of 0.5 m a.s.l., which is  slowly increasing by land upheaval at a rate of 
2.8-3.0 mm per year  (Vallner et al., 1988).  The soil consists of rich argillic horizons, 
Baltic Sea 
Väinameri Sea 
Haapsalu 
Vormsi  
Chapter 3 Study sites and methodology   49 
often waterlogged due to frequent flooding and high water table levels, creating favourable 
conditions for a range of wet grassland communities. 
 
3.7.1.2 Biodiversity 
Silma Nature Reserve holds significant biodiversity as it includes more than 600 ha of 
coastal meadows, 1000 ha of reedbed (the second largest in Estonia), lagoons, and the 
shallow bay of Haapsalu, supporting numerous plant communities and bird species.  The 
coastal areas are dominated by Boreal Baltic coastal meadow (1630), a priority habitat 
dependant on natural hydrology, namely wind-induced periodic flooding with brackish 
Baltic Sea water and a fluctuating ground water table.  This habitat is extensive in Silma 
Nature Reserve as the topography combined with the frequent inundation creates the 
perfect environmental conditions for its establishment. In addition to Boreal Baltic coastal 
meadows, the nature reserve presents many large shallow inlets and bays (1160) as well as 
Boreal Baltic islets and small islands (1620) which contribute to the landscape diversity.  
The ecological value of Silma Nature Reserve is not only floristic as this protected area is 
an Important Bird Area (IBA).  Indeed, it provides feeding grounds for numerous breeding 
and migrating birds.  More than 200 bird species have been identified in the nature reserve 
grounds and Haapsalu bay area with approximately 32 bird species (Table 3-4) listed in the 
Birds Directive Annex 1 (79/409/EEC) nesting and/or using the nature reserve as migration 
stop-over. 
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Table 3-4: Birds species listed in the Birds Directive Annex I (79/409/EEC) stopping during migration 
and/or nesting in Silma Nature Reserve 
 
3.7.1.3 Past and current management 
Coastal grasslands depend upon regular agricultural management in the form of low 
intensity grazing to maintain the heterogenous landscape and biodiversity. It has been 
suggested that low intensity grazing corresponds to 1-2 Livestock Unit per hectare or 
LU.ha-1 which represent one dairy cow per hectare or approximately 12 medium sheep 
(RSPB et al., 1997).  Political changes in Estonia and altered land use practices  (Hedin, 
2005) caused the degradation of coastal meadows, reducing their extent and ecological 
diversity.  In 1998, at the time of its creation, Silma Nature Reserve counted only 70-80 ha 
of coastal wet semi-natural grasslands, some of which had been managed for the last 20-25 
years.  Some parts of the nature reserve had been abandoned during the Soviet period (i.e. 
since the 1950s), leaving the ungrazed vegetation to be overgrown by robust grasses (e.g. 
Phragmites australis) and woody species (e.g. Juniperus communis).  Restoration of these 
abandoned coastal areas has been the priority focus since 1998 and in 2007 approximately 
600 ha of coastal meadows have been restored with the help of several European Union 
Life projects.  The current management strategy is to maintain the coastal areas and semi-
natural grassland open, to enhance the biodiversity and restrict reed propagation using low 
Red-throated diver (Gavia stellata) European golden plover (Pluvialis apricaria) 
Black-throated diver (Gavia arctica) Dunlin (Calidris alpine) 
Great Bittern (Botaurus stellaris) Ruff (Philomachus pugnax ) 
Tundra swan (Cygnus columbianus) Bar-tailed godwit (Limosa lapponica) 
Whooper swan (Cygnus cygnus) Wood sandpiper (Tringa glareola) 
Barnacle goose (Branta leucopsis) Red-necked phalarope (Phalaropus lobatus) 
Lesser white-fronted goose (Anser 
erythropus) 
Little gull (Larus minutus) 
Smew (Mergus albellus) Caspian tern (Sterna caspia) 
White-tailed eagle (Haliaeetus albicella) Sandwich tern (Sterna sandvicensis) 
Osprey (Pandion haliaetus) Common tern (Sterna hirundo) 
Marsh harrier (Circus aeruginosus) Artic tern (Sterna paradisaea) 
Montagu’s harrier (Circus pygargus) Little tern (Sterna albifrons) 
Black grouse (Tetrao tetrix) Black tern (Chlidonias niger) 
Corn crake (Crex crex) Common kingfisher (Alcedo atthis) 
Common Crane (Grus grus) Barred warbler (Sylvia nisoria) 
Pied avocet (Recurvirostra avosetta) Red-backed shrike (Lanius collurio) 
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intensity (<1 LU.ha-1) to medium intensity (1-2 LU.ha-1) grazing with occasional or 
annual cutting to increase the grazing efficiency. 
 
3.7.1.4 Study site  
The area used in the current research is in Tahu, in the south-western part of Silma Nature 
Reserve where the site still experiences natural hydrology.  This area of the reserve is 
privately owned, although management is structured and agreed in consultation with the 
nature reserve’s objectives and strategy that are to restore and maintain coastal wet 
grasslands.  The study area is approximately 115 ha divided into two areas, Tahu north and 
Tahu south, distinguished by their management history and separated by a fence. 
 
Table 3-5 shows the management history for the different study sites and specifies the 
number of years since management as well as the management intensity in the past and at 
the time of the experimental set up.  Tahu north has been continuously managed for the last 
50 years at a medium grazing intensity with 1-2 LU.ha-1, or cut annually, although the 
grazing intensity decreased by 2002 to less than 1 LU.ha-1 or cut less than annually.  Tahu 
south was grazed at a medium intensity in the past and has been abandoned for the last 21-
25 years.  In 2005, it was decided by the Silma nature reserve authorities to reinstate 
management in Tahu south to reduce the expanding reedbed and restore the coastal 
grassland by cutting and grazing as part of the European Life-project (LIFE03 
NAT/EE/000181) 
 
Sites Years since management  Management in 2002 Past management 
Tahu North 0 Low Medium 
Tahu South 21-25 None Medium 
Hosby 21-25 None Low 
Rumpo 1-10 None Low 
 
Table 3-5: Management history on the different study sites (Low =< 1LU per ha or cut less than annually; 
Medium = 1-2 LU per ha or cut annually; High = 2 + LU per ha or cut twice annually) 
 
Tahu North and South was surveyed in 2002 as part of a preliminary study and a detailed 
habitat map was defined using the Burnside et al. (2007) classification (Figure 3-5).  The 
vegetation in Tahu North is quite uniform, dominated by upper shore grassland (US) 
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representing 47 ha (Table 3-6).  This is mainly composed of low growing plant species rich 
in grasses (Agrostis stolonifera, Festuca rubra), sedges (Carex nigra, Carex glareosa, 
Blysmus rufus) and rushes (Eleocharis uniglumis, Eleocharis parvula, Juncus gerardii) and 
showing occasional halotolerant plant species such as Triglochin maritima, Centaurium 
littorale, Odontites litoralis and Plantago maritima.  The coastal fringe in Tahu north is 
vegetated by club-rush swamp (CS) and some reed swamp (RS) representing respectively 
4.3 ha and 3.4 ha, and occasional lower shore grassland (LS) (4.2 ha) even though most of 
the lower shore vegetation is inland (Figure 3-5). 
 
Figure 3-5: Habitat map of Tahu based on the 2002 survey, Silma Nature Reserve. The habitat types are 
labelled using the Burnside et al. (2007) classification with CS=Club-rush swamp, RS= Reed swamp, OP= 
Open pioneer, LS= Lower shore grassland, US= Upper shore grassland, TG= Tall grass grassland and 
SW=Scrub and woodlands. The fence separates Tahu North (i.e. managed) from Tahu South (i.e. abandoned) 
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The lack of management experienced for the last 21 to 25 years in Tahu south led to the 
development of taller vegetation types such as reed swamps (RS), tall grass (TG) and scrub 
and woodlands (SW) overgrowing some of the low-growing plant communities (i.e. lower 
shore and upper shore grasslands).  In this part of Tahu, reed swamp is the most dominant 
vegetation type, forming a continuous reedbed of approximately 19 ha (Table 3-6) 
bordering the coastline of Tahu south (Figure 3-5) and creating a stand of dense and tall 
vegetation limiting access to the open water.  It is also noticeable that scattered scrub and 
woodlands (SW) expanded and colonized areas of the coastal grasslands to represent up to 
8.4 ha, as well as tall grass habitat, which appeared to reduce the total cover of upper shore 
and lower shore grassland.  
 
Vegetation type Tahu North (Ha) Tahu south (Ha) 
Open pioneer (OP) 0.4 2.2 
Club-rush Swamp (CS) 4.3 1.1 
Reed Swamp (RS) 3.4 19.6 
Lower shore grassland (LS) 4.2 10.7 
Upper shore grassland (US) 47.1 9.9 
Tall grass (TG) 0 2.7 
Scrub and Woodlands (SW) 1.5 8.4 
TOTAL  60.9 54.6 
Table 3-6: Habitats and cover (Ha) identified at Tahu north and south in 2002 
 
The distribution and variations of the different vegetation types within Tahu north and 
Tahu south, in particular for upper shore grasslands, are hypothesized to be caused by 
management differences between the two areas.  Upper shore grassland cover is 
dramatically reduced in Tahu south, representing 9 ha, whereas in Tahu north it is the 
dominant vegetation type.  Therefore, an experiment was designed to investigate the 
changes in upper shore grassland at the plant community level under different management 
practices, namely low intensity grazing (< 1LU.ha-1), annual cutting or no management 
(i.e. abandoned).   
 
3.7.2 Hosby, Vormsi Island 
3.7.2.1 Location and description 
A second location selected for this research is situated on Vormsi Island, a small island of 
ca 92 km² belonging to the West-Estonian Archipelago and positioned 10 km east of the 
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mainland (Figure 3-4).  Vormsi Island is of recent geological age, approximately 10000 
years old.  It lies upon a Silurian and Ordovician limestone bedrock (Ratas et al., 1997a) 
supporting different soil types that are saline littoral soils, rendzinas, gley-rendzinas and 
coastal calcareous till deposits.  The island is characterised by relatively mild winters and 
warm summers as well as frequent winds generating occasional coastal floods.  The natural 
hydrology characterising the extended coastal areas of Vormsi has given rise to rare and 
diverse habitats, which were protected under the Vormsi Landscape Reserve in 2000 
(Table 3-7).  
 
Vormsi Landscape Reserve 1947 ha 
Rumpo limited zone 1425 ha 
Hosby limited zone 136 ha 
Other protected areas (Prästviigi,  Rälby, Saxby and Diby) 386 ha 
Table 3-7: Vormsi Landscape Reserve (Source: http://life.silma.ee/index.htm, consulted on 8/05/2007) 
 
Hosby (58º59’06”N; 23º22’12”E) is the third largest protected area within the landscape 
reserve with 136 ha and is located on the eastern coast of Vormsi (Figure 3-4).  The 
topography of the Hosby study area varies between 0.5 and 0.8 m a.s.l. and the soil is 
constituted of marine sands covered by saline littoral soil which explains the relatively 
high salt content in the soil and the presence of halophytic vegetation.  The protection of 
this area aimed to restore and maintain the coastal grasslands and other habitats, which are 
important for many plant and birds species. 
 
3.7.2.2 Biodiversity 
Hosby coastal grasslands consist of a mosaic of habitats of conservation value.  The 
dominant plant community is Boreal Baltic coastal meadows, which used to represent 68 
% of the total protected area and is nowadays highly encroached with P.australis.  The 
second most extensive vegetation type is alkaline fens, representing 19 ha within Hosby 
reserve.  These are mostly located further inland creating a border between coastal wet 
grasslands and forested areas where tall forbs and grasses shape the vegetation structure.  
At higher topography, the vegetation is less affected by floods and ground water seepage, 
which results in the establishment of semi-natural dry grasslands and scrubland facies on 
calcareous substrates (Festuco-Brometalia) that cover 6.8 ha.  As a result of the micro-
topography existing within the coastal wet grasslands, several depressions are able to retain 
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flood water and rainfall creating inland lagoons of variable salinity gradients, occasionally 
overgrown by P. australis.  These coastal lagoons are important as they offer key 
reproduction areas for the Natterjack toad (Bufo calamita) and feeding areas for many 
waders and other bird species listed in the Birds Directive Annex 1(79/409/EEC) such as 
European golden plover (Pluvialis apricaria), Dunlin (Calidris alpine), Bar-tailed godwit 
(Limosa lapponica), Wood sandpiper (Tringa glareola), Ruff (Philomachus pugnax), 
Common tern (Sterna hirundo), Caspian tern (Sterna caspia), Barnacle goose (Branta 
leucopsis), Whooper swan (Cygnus cygnus), Red-backed shrike (Lanius collurio) and 
White-tailed eagle (Haliaeetus albicella).  
 
Figure 3-6 shows a habitat map of Hosby compiled during summer 2002 using the 
classification presented by Burnside et al. (2007) and table 3-8 summarizes the different 
habitats and their cover at the study site.  In 2003, the formerly Boreal Baltic coastal 
meadows were dominated by tall vegetation such as reed swamp which created a 
homogenous vegetation sward inhibiting the growth and establishment of low-growing 
plant species characteristic of upper shore and lower shore grasslands.  In addition, tall 
grass was the second commonest plant community type in the mapped zone and 
contributed to the tall vegetation overgrowing shorter species. 
 
Table 3-8: Habitats types and cover (Ha) identified at Hosby during the survey in 2002 
Vegetation type Hosby (Ha) 
Club-rush Swamp (CS) 1.3 
Reed Swamp (RS) 24.0 
Lower shore grassland (LS) 0.8 
Upper shore grassland (US) 2.6 
Tall grass (TG) 4.6 
Scrub and Woodlands (SW) 1.2 
TOTAL  34.5 
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Figure 3-6: Hosby habitat map compiled in 2002. The habitat types are labelled using the Burnside et al. 
(2007) classification with CS=Club-rush swamp, RS= Reed swamp, OP= Open pioneer, LS= Lower shore 
grassland, US= Upper shore grassland, TG= Tall grass grassland and SW=Scrub and woodlands.  
 
3.7.2.3 Past and Current management 
Prior to 1945, Hosby coastal grasslands were regularly mown by a group of 3-4 farms from 
nearby Söderby village.  Later, in 1945-1950s, these same coastal areas were cattle grazed 
at low intensity typically concentrated in the shore area and occasionally completed with 
sheep grazing at an intensity of 0.07 LU.ha-1.  This light but regular management was 
reduced following the introduction of collectivisation under the Soviet period which led to 
the abandonment of Hosby in the 1960s.  The lack of regular management favoured the 
establishment of shrubs and tall species such as P.australis.  This species formed localised 
patches of reed bed in the 1960’s but subsequently expanded covering most of Hosby and 
threatening less competitive wet grassland species.  Awareness of the decline of coastal 
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grasslands increased and action was taken to restore and maintain the low-growing 
vegetation by reed clearing initiated by a European Union Life Nature project in 2003 
(LIFE2003 NAT/EE1000181).  This first phase of the restoration consisted of mowing 50 
ha of coastal grassland during the winter of 2003-2004 to clear the reed and litter 
impinging on the coastal grasslands.  During the summer of 2004, 70 ha of coastal 
grasslands were cattle grazed at low intensity (1 LU.ha-1) and a further 10 ha of alkaline 
fens were mown.  In 2005 and 2006 the grazed area was further increased to reach 107 ha 
in total and complemented with autumn mowing.  
 
3.7.2.4 Study site 
Two experimental areas were selected in Hosby, each one in a distinct vegetation type and 
abandoned for approximately 21-25 years (Table 3-5).  Prior to abandonment, grazing 
intensity was low with approximately less than 1LU.ha-1 or cut less than annually.  One 
experiment was placed in homogenous abandoned tall grass vegetation in the south of 
Hosby (Figure 3-6).  The tall grass plant community tends to be established in higher 
topography so the vegetation is less affected by flooding and is characterized by tall grass 
species such as Festuca arundinacea, Elytrigia repens and a high proportion of herbs (e.g. 
Peucedanum palustre,Vicia cracca, Potentilla anserina, Achillea millefolium and  
Valeriana officinalis).  The second site was located further north of the tall grass area in 
lower shore vegetation.  Lower shore grasslands tend to establish in lower topography 
where periodic flooding is influential.  The core species of this plant community are flood 
tolerant and halophyte species such as Juncus gerardii, Carex nigra, Glaux maritima, 
Plantago maritima and Triglochin maritima. 
 
This experiment aimed to investigate the short term response of lower shore and tall grass 
plant communities following the reintroduction of cutting management and compare the 
response of each grassland type.  
 
3.7.3 Rumpo, Vormsi Island 
3.7.3.1 Location and description 
The third area of study is located in the south of Vormsi Island on Rumpo peninsula 
(58º58’02”N; 23º16’48”E) (Figure 3-3) and is part of the Vormsi Landscape Reserve.  The 
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Rumpo management zone of 1425 ha includes the UNESCO Biosphere Reserve of Rumpo 
peninsula, whose goals are to protect and preserve the landscape of Rumpo peninsula and 
its coastal inlets and shallow waters.  The peninsula lies on a calcareous bedrock of 
Ordovician age, covered by thin soil at the centre of the peninsula often composed of sand, 
and developing into coastal deposits and saline littoral soils in areas near the coast 
(Puurmann, pers comm., 2005).  The peninsula is uplifting, gaining 2.8 to 3.0 mm of new 
ground every year, which explains the higher altitude in the centre of the peninsula and the 
low elevation nearer to the coastline. The eastern side of the peninsula is curved around 
Sviby Bay offering protection to the coastal landscape from the strong westerly winds.  
The low and relatively flat topography, which varies between 0.3 and 0.5 m a.s.l., added to 
the periodic flooding from the Baltic Sea, create the environmental conditions for coastal 
grasslands to develop and extend, achieving a maximum width of 480 m in some parts of 
the Rumpo protected zone (Plate 3-1).  
 
 
Plate 3-1: View south of Rumpo peninsula near the experimental site. Note the proximity of the 
coastline, the flat and open coastal wet grasslands and the encroaching Pinus sylvestris (from left to right).  
3.7.3.2 Biodiversity 
Rumpo limited and special management zones are composed of an assemblage of habitats 
dominated by large shallow inlets and bays (Natura code: 1160) with mudflats and 
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sandflats not covered by seawater at low tide (1140).  These two habitats constitute 84% of 
Rumpo Peninsula protected area and are important for wildfowl and waders in particular.  
The third largest plant community is the Boreal Baltic coastal meadows (1630) 
representing 9% of the coastal landscape.  This habitat is characterized by low vegetation 
interspersed with flood and salt tolerant species such as Juncus gerardii, Carex spp., 
Plantago maritima, Glaux maritima and Triglochin maritima and occasionally supporting 
Salicornia sp. and other annuals colonizing mud and sand (1310).  At higher topography, 
above the flood limit, the plant communities are formed of European dry heaths (4030), 
Juniperus communis formations on heaths or calcareous grasslands (5130) and semi-
natural dry grasslands and scrubland facies on calcareous substrates (Festuca-Brometalia) 
(6210).  These dry plant communities are often located between the coastal grasslands and 
forested areas and contribute to the biodiversity of coastal areas. 
 
Rumpo limited zone was surveyed in 2002 to identify the habitats coastal present.  Figure 
3-7 shows the resulting map and it clearly highlights the extensive cover by reed swamp 
representing 28 ha, followed by upper shore grasslands and tall grass communities with 18 
and 15 ha respectively (Table 3-9).  Lower shore grasslands, club rush swamps, and open 
pioneer habitats are mostly located in the eastern coast of Rumpo peninsula where coastal 
grasslands are extensive and the topography is lower, allowing a greater influence from 
flooding episodes.  
 
Habitat types Rumpo (Ha) 
Open pioneer (OP) 2.4 
Lower shore grassland (LS) 4.3 
Upper shore grassland (US) 18.9 
Club rush swamp (CS) 6.2 
Reed swamp (RS) 28.8 
Tall grass (TG) 15.5 
Scrub and Woodlands (SW) 3.0 
TOTAL AREA 79.1 
Table 3-9: Habitat types and cover (Ha) identified at Rumpo peninsula in 2002 
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Figure 3-7: Habitat map of Rumpo peninsula in 2002. The habitat types are labelled using the Burnside et 
al. (2007) classification with CS=Club-rush swamp, RS= Reed swamp, OP= Open pioneer, LS= Lower shore 
grassland, US= Upper shore grassland, TG= Tall grass grassland and SW=Scrub and woodlands. Note the 
narrow width of coastal grassland on the peninsula and the expansion of Reed swamp (RS) along the 
coastline.  
 
Rumpo peninsula is an important area for bird species with many using the mosaic of 
habitats characteristic of this protected area as nesting grounds and/or feeding areas. 
 
3.7.3.3 Past and Current management 
In common with other coastal areas in western Estonia, Rumpo peninsula was traditionally 
grazed (Table 3-5) using cattle and sheep at low intensity (<1 LU.ha-1) that conferred this 
typical landscape with varied plant communities and semi-natural grasslands.  The regular 
grazing management maintained the open vegetation and prevented the establishment of 
coarse, dominant grasses as well as ligneous species.  Nevertheless, Rumpo peninsula 
Sviby Bay 
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experienced reduced management during Soviet collectivisation and was totally abandoned 
in the early 1990’s following the collapse of the Soviet system.  The lack of grazing 
management for the last decade experienced at Rumpo peninsula resulted in an increase of 
Phragmites australis and Elytrigia repens, which now cover large areas and encroach 
abandoned coastal grasslands.  Between 2003 and 2006, management was reinstated 
gradually through a European Union LIFE project aiming to restore and maintain 64 ha of 
coastal grasslands and alvars using grazing management, complemented with annual 
cutting to reduce reed encroachment (http://life.silma.ee/rumpo_management.htm, 
accessed on 04/05/2007).  The management is accomplished by the state in agreement with 
private owners of the area, which represent up to 10 % of the protected area.  
 
3.7.3.4 Study site 
The third experiment of this study was set in Rumpo peninsula, on the eastern side facing 
Sviby Bay and in the state owned zone (Figure 3-7).  The aim of this study was to 
investigate the response of coastal grassland plant communities to different levels of 
disturbance with a particular focus on two encroaching grass species: Phragmites australis 
and Elytrigia repens.    
 
3.8 Monitoring  
3.8.1 Vegetation sampling 
Quadrats are a common method used in vegetation sampling to measure density, 
frequency, cover or biomass of individual plant species.  Quadrat size varies with the type 
of plant species and community investigated, smaller plant species requiring smaller 
quadrat size and larger species needing larger areas.  Table 3-10 shows the quadrat sizes 
commonly used for vegetation sampling according to the type of plant community 
investigated (Bullock, 2006).  
 
This research focussed on the study of grassland and tall herb communities and quadrat 
size of 1 and 4 m² were used to assess vegetation changes.  The use of 2x2m plots is 
acceptable when surveying grasslands, as Tilman (1999) confirms that this is the 
appropriate size to investigate changes in diversity and productivity as inter- and intra-
specific interactions occur within 1m².  Within each quadrat in this study, every plant 
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species was identified and its cover visually estimated.  Percentage cover is defined as the 
“percentage of ground covered by a perpendicular projection of the aerial parts of the 
individual plants on to the quadrats” (Chapman, 1976, Westhoff et al., 1978).  Bare ground 
and litter were also estimated as they are important characteristics in plant community 
structure and dynamics (Facelli and Pickett, 1991).  The minimum cover given was 1 % to 
facilitate further statistical analysis, and the total estimated percentage cover ranged 
between 98 and 104 % as some species overlap and also due to the minimum 1% given to 
some individuals.  
 
Plant community Quadrat size 
Moss layer, lichen   0.01-0.25 m² 
Grasslands, tall herb and short shrub  0.25-16 m² 
Tall shrub  25-100 m² 
Woods and Forests 400-2500 m² 
Table 3-10: Quadrat sizes used for vegetation sampling (Bullock, 2006) 
 
The quadrats were fenced off on each site to prevent disturbance from large mammals (e.g. 
cattle, wild boar and elk).  Each quadrat was permanently fixed using metal poles in 
opposite corners so that they could be retrieved for repeated survey, using a metal detector.  
The same sites were surveyed at the same time to avoid discrepancies in floristic 
composition as a result of seasonal variations in species composition (Table 3-11).  
 
Study sites Tahu Hosby Rumpo 
2003 16-17 August 11-14 August - 
2004 30-31 July 26-27 July - 
2005 30-31 July 25-28 July 13-16 June and 5-9 August 
2006 28-29 July 23-25 July 11-14 June and 4-7 August 
2007 27-28 July 22-24 July 9-11 June and 3-5 August 
Table 3-11: Vegetation sampling timetable per study site and year. 
 
The use of quadrats and the species cover estimates has been criticized due to the 
subjectivity of estimation.  Vittoz and Guisan (2007) tested and discussed the use of  
multiple observers when monitoring permanent vegetation plots as well as the use of cover 
estimates.  Species identification was improved when groups of two botanists worked 
together compared to a single observer and Vittoz and Guisan (2007) suggested that using 
groups of observers could ensure better and more realistic values.  Although the point 
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method was found to be the most accurate when monitoring vegetation plots, it was also 
very time consuming, expensive and biased toward abundant species, so for plots ≤ 4 m² 
cover estimate was the most appropriate method.  In order to decrease the variation in 
cover estimates and ensure good quality data, repeated surveys of the same quadrats by a 
different team of observers were performed, which allowed an estimate of the variation 
between groups of observers.  The advantage of using cover estimates is that the data are 
both quantitative with the percentage values as well as qualitative with the presence and 
absence of the species (Bullock, 2006). 
 
3.8.2 Ground water table 
Presence and absence of wetlands and associated plant communities such as coastal wet 
grasslands are mainly driven by the dynamic hydrology of these areas.  Irregular and 
periodic flooding is one the many abiotic factors affecting standing vegetation in its spatial 
and temporal distributions and variations (Tyler, 1971b).  However, these events can be 
infrequent and their impact variable.  In addition to flooding, the ground water table is an 
important feature regulating plant species distributions, establishment and growth.  It 
affects soil properties directly and indirectly, influencing plant metabolism and 
performance.  A high ground water table modifies soil oxygen concentration by reducing 
atmospheric and soil exchanges, waterlogging soil pores and creating anaerobic conditions 
(Van Diggelen et al., 1991).  Some plant species have developed mechanisms and 
structures to counteract these conditions (e.g. superficial root systems, specialised tissue 
and toxin storage) (Raven et al., 1999).  Hence the importance of monitoring ground water 
table fluctuations as it is then possible to have a better understanding of vegetation 
dynamics. 
 
In Estonia, hydrological information is generally limited and no hydrological data were 
available in the study areas. In 2004 three ground-water level monitors were placed in two 
sites, Hosby (n=2) and Tahu North (n=1), and three others during summer 2005 at Tahu 
South (n=1) and Rumpo (n=2).  The equipment was positioned within the experimental 
fenced areas to avoid any damage from cattle, machinery or other sources. 
 
The equipment used to monitor ground water table variations was Model 740 Portable 
Water Level Recorder from Valeport Ltd (www.valeport.co.uk, accessed on 26 November 
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connection  
Data 
logger 
Perforated 
PVC tube  
Transducer 
Ground 
water level 
2007).  It consists of a transducer linked to a waterproof logging unit, as shown on figures 
3-8 and 3-9, and the unit was permanently installed on a metallic and wooden structure 
located approximately 1.5 m above ground to avoid flooding and snow.  A perforated PVC 
tube (1.5 x 0.05 m), to let ground water flow in, was placed in the soil at a depth of 
approximately 1-1.5 m.  The transducer was inserted into the tube in contact with the 
ground water table and set below the lowest expected water level so it would not dry out. 
                                          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The water level is determined by pressure variations (dBar) then converted into depth 
below ground level (m) based on the existing linear relation between pressure and depth 
(Fig 3-10).  During the set up the transducer probe was calibrated in situ, the burst length 
(length of time for pressure readings) was set at 60s and the burst cycle (time between 
measurements) to 60min.  
 
Figure 3-9: Monitoring system in situ Figure 3-8: Schematic view of the 
ground water monitor 
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Figure 3-10: Height and pressure relationships 
The different water table regime for Lower shore (at Hosby), Upper shore (Tahu) and Tall 
grass grassland (Hosby) communities are presented in Figures 3-11, 3-12 and 3-13, 
respectively.  Although the monitoring stations were placed at approximately the same 
period of time, the data logging period differs from one site to another as some problems 
were encountered with the probes (e.g. clogging of the bore hole with sediment or the 
probe was pulled out of the tube by cattle). 
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Figure 3-11: Fluctuations of Lower shore ground water level (m) recorded between 17/06/2004 and 
07/08/2006 at Hosby 
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Lower shore grassland showed fluctuating water levels over the monitoring period (Figure 
3-11), with levels ranging from ground surface at the highest levels and 0.8 m deep at the 
lowest.  The water level was high with levels in the root zone (0-0.2 m) between June and 
September for a relatively continuous period of time, except in 2004, when the high levels 
were recorded later in the year, in September and November.  These high levels could have 
been maintained by inundation from the sea or heavy precipitation.  By late autumn and 
early winter (e.g. November) the water level was generally at its lowest level, probably 
frozen and stayed relatively low, between 0.6 and 0.8 m deep, leaving the rhizosphere 
drained during the winter, until April when the water level increased progressively.  This 
spring rise in the water table can be explained by snow melt water percolating through the 
soil and reaching the ground water table as snow cover generally ends in March (Ratas, 
1997).  
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Figure 3-12: Fluctuations of Upper shore ground water level (m) recorded between 30/07/2004 and 
20/06/2007 at Tahu 
 
The upper shore grassland also showed fluctuating water levels, with high water levels 
during the vegetation growing season (from May till July/August) (Figure 3-12).  
Compared to lower shore grassland the water level reached the ground surface and stayed 
into the root zone (0-0.2 m) during most of the growing period, which starts in April-May 
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till September.  In January and February 2005 the water level increased and reached the 
ground level, which did not happened in 2006.  This sudden increase is intriguing as the 
water is generally frozen at this time of the year.  Water level peaked in April, which is 
also visible in the lower shore community and could be characteristic of water inputs from 
snow melt.   
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Figure 3-13: Fluctuations of Tall grass ground water level (m) recorded between 09/08/2004 and 
03/09/2006 at Hosby 
 
Tall grass grassland showed fewer fluctuations than lower shore and upper shore 
grasslands (Figure 3-13).  However, rapid rises in the water level were visible during the 
months of June and July, when the water level reached the ground surface.  The duration of 
the high water level varied between 2005 and 2006, as it was longer in 2006 and lasted for 
approximately two months.  With the exception of these high water levels events, the 
rhizosphere is mostly drained during the rest of the year.  The water level in the tall grass 
community also seemed to be affected by snow melt as a rapid rise of the water level is 
noticed in April, which decreased before rising again in May.  
 
Comparison of figures 3-11-3-13 show that similar patterns are visible between the three 
vegetation types regarding the timing of the water table fluctuations, although duration of 
high water levels and height of the ground water differs from one habitat to another.  All 
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the sites had a rapid rise in water level in April, possibly as a result of snow melt, which 
added water to ground water levels through percolation.  Lower shore grassland seemed to 
experience higher water levels and greater fluctuations than upper shore and tall grass 
grassland, which may be attributable to different topography (e.g. lower topography) and 
or site difference.  The water levels in upper shore grassland appear to follow a pattern 
with relatively high levels during the growing season and stable low levels during the rest 
of the year and finally, tall grass grassland showed low levels most of the year with shorter 
high water levels during the growing season (June-August).  The duration of high water 
levels varied and was more extensive in the lower shore site (i.e. 3 ½ months), followed by 
the upper shore grassland having approximately two months of high water levels and tall 
grass showing a shorter peak.  Although the water level in tall grassland reached the root 
zone for a relatively short period of time, the other communities were characterised by 
relatively high water table levels within the rhizosphere, which would therefore affect plant 
species.  These results show similar outcomes to Tyler’s (1971b) findings, where the 
Juncetosum gerardii community, which is comparable to the lower shore vegetation, was 
characterised by frequent and longer high water levels during the growing season and 
higher levels during the rest of the year than the Festucetosum rubrae (i.e upper shore 
grassland), which was defined by a drained rhizosphere during the entire growing season 
interrupted by occasional high water levels. Deschampsia and Festuca arundinacea 
communities (i.e. tall grass grassland) seemed to grow in well-drained and rarely flooded 
areas, where the water levels were relatively low compared to the Juncetosum gerardii and 
Festucetosum rubrae.  
 
3.9 Statistical analysis 
3.9.1 Data type 
To assess any changes in the plant communities, the vegetation was described using 
floristic composition (i.e. species richness) and per cent cover for each present species (i.e. 
species abundance) in the surveyed quadrats.  The number of replicates and treatments 
varied within experimental sites and this is summarized in Table 3-12 below.  At the 
Hosby experiment, biomass samples were also collected and expressed in species 
proportion and species richness.  The data collected were further analysed to detect any 
changes in the plant community in relation to different treatments using species abundance 
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(i.e. mean species cover and biomass), diversity, evenness and functional groups. Changes 
in species richness and community structure were evaluated with reference to the species 
richness and community composition present at the start of the experiments.  
 
Sites Habitat Treatment (Number of replicates) 
Tahu North Upper shore 
0: Newly Abandoned (n=6) 
1: Cut (n=6) 
2: Grazed (n=6) 
Tahu South Upper shore 0: Abandoned (n=6) 1: Cut (n=6) 
Hosby Lower shore 
0: Abandoned (n=8) 
1: Cut (n=8) 
Biomass Abandoned (n=5) 
Biomass Cut (n=5) 
Hosby Tall grass 
0: Abandoned (n=8) 
1: Cut (n=8)  
Biomass Abandoned (n=5) 
Biomass Cut (n=5) 
Rumpo P.australis-encroached grassland 
0: Control (n=7) 
1: Litter removal (n=7) 
2: Cut (n=7) 
3: Top soil disturbance (n=7) 
4: Deep soil disturbance (n=7) 
Rumpo E.repens-encroached grassland 
0: Control (n=7) 
1: Litter removal (n=7) 
2: Cut (n=7) 
3: Top soil disturbance (n=7) 
4: Deep soil disturbance (n=7) 
Table 3-12: Number of treatments and replicates per experiment 
 
3.9.2 Measures of diversity  
Species diversity is commonly used to describe changes in floristic composition using 
species richness and their abundance.  Species richness is the simplest measure of diversity 
and corresponds to the total number of species present (Magurran, 2004, Waite, 2000).  
Other measures of diversity were also used to give further insight into diversity changes 
within the different plant communities, such as Shannon diversity index (H’), Shannon 
evenness index (EH), Simpson’s diversity index (1-D) and Simpson’s evenness index (ED).  
As mentioned by Waite (2000), the use of diversity indices does not depend on 
assumptions about the distribution or processes determining the abundance of species but 
is only based on the proportional abundance of specie as a result diversity indices take into 
account both species richness and relative abundance of species. 
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3.9.2.1 Shannon-Wiener diversity (H’) and Evenness index (EH’) 
Shannon-Wiener diversity index (H’) is commonly used in ecology (Waite, 2000; 
Magurran, 2004) and is dependant on both species abundance and evenness (i.e. 
dominance).  It is based on the relative percentage cover value (pi) expressed in proportion 
for each species (i), which is obtained by dividing the percentage cover of the ith species 
(ni) by the total percentage cover (N).  The natural logarithm of the proportion of species 
(lnpi) is multiplied by the proportion (pi) and this is done for the s species, summed and 
multiplied by -1 so the index has a positive value (Equation 3-1).  
i
s
i
i ppH ln'
1
∑
=
−=     Equation 3-1 
The Shannon-Wiener index uses both species richness and abundance in its calculation and 
H’ values generally range between 1.5 and 3.5, however a rise in H’ value may be 
interpreted as an increase in species number, evenness or both.  From the Shannon-Wiener 
diversity index the Shannon’s evenness (J) index can be derived, which is also a useful 
measure to help interpreting changes in floristic community in relation with sample 
evenness (i.e. all the species are equally abundant) 
 
Shannon’s evenness (J) is calculated by dividing H’ by Hmax with Hmax=lnS and where S is 
the total number of species (Equation 3-2). 
S
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J has a value ranging between 0 and 1 where 1 assumes a complete evenness between the 
species and no dominance is visible.  
 
Shannon-Wiener index is most sensitive to changes in less abundant species (e.g. rare 
species ) and Shannon-wiener evenness (J) index is most sensitive to species richness in 
particular when the overall species richness of the community is low (Peet,1974). 
 
3.9.2.2 Simpson’s diversity (D’) and evenness index (ED) 
Simpson’s diversity index (D’) is another index commonly used to measure changes in 
plant community composition, and it is highly weighted by the most abundant species and 
less influenced by species richness.  This index gives the probability of two individuals of 
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a same sample belonging to the same species where pi = the proportion of the ith species, 
which it is estimated by dividing the percentage cover of the ith species (ni) by the total 
cover N (Equation 3-3).  
D’ =1-∑
=
S
i
ip
1
2
   Equation 3-3 
The value of Simpson’s diversity index ranges between 0 and 1 where a low value for D’ is 
interpreted as a decrease in species diversity  
 
A Simpson’s evenness (ED) index is also obtained from Simpson’ diversity index (D’) 
divided by the total number of species (S) and the values ranges between 0 and 1 with high 
value indicating that plant species are evenly distributed within the plant community 
(Equation 3-4) 
 
           Equation 3-4 
 
Simpson’s diversity and evenness measures are both most sensitive to changes in abundant 
plant species, with Simpson’s diversity index sensible to changes in the most abundant 
species (Peet, 1974).  
 
3.9.3 Data transformation: the Arcsine transformation 
Much of the data collected were estimates of percentage cover for each plant species 
identified within the quadrats that needed to be transform as many species had percentage 
cover outside of the 30-70% range.  In such case, the data were transformed using Arcsine 
transformation, as this is the most appropriate for this type of data (Sokal and Rohlf, 2003).  
The Arcsine transformation stretches the tails of the distribution and compresses the 
middle in order to reduce the effects of truncating the values between 0 and 100 % and 
give too much importance to the dominant species with high percentage cover (Waite, 
2000; Sokal and Rohlf, 2003).  The arcsine transformation is only performed on 
proportional values; therefore it is necessary to calculate the proportion p for each species. 
N
n
p i=  
 
S
DED
'
=
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Where p is the proportion of species i 
ni = the percentage cover for species i 
 N = the total percentage cover (this may range from 98-104 due to overlapping 
species) 
Then the converted data are arcsine transformed and the values are in degrees: 
pp arcsin=
 
As a result, the transformed percentage covers followed a normal distribution, which is one 
of the many assumptions required to performed statistical tests.  The transformed 
percentage data was used in all the statistical analysis but results are presented using real 
values obtained from the surveys for clarity and ease of interpretation. 
 
3.9.4 Multivariate analysis 
Multivariate analysis such as Polar Ordination (PO), Principal Component Analysis (PCA) 
and Correspondence Analysis (CA) are techniques commonly used in plant ecology when 
large data sets are impossible to analyse using the standard statistical tests (Jongman et al., 
1995; Waite, 2000).  The ability to represent in one single graph the variables (e.g. species 
or environmental measurements) and cases (e.g. relevés or quadrats) gives a visual insight 
of the underlying patterns and relationships between species distribution and 
environmental factors. 
 
CA is the most appropriate multivariate method for analysing floristic data where species 
abundance follows a unimodal distribution compared to PCA, which is better suited for 
linear relationships between species abundance and latent environmental variables 
(Jongman et al., 1995).  CA is based on weighted averages, which are used to describe 
community data by giving a weighting score between 0 and 100 for each plant species.  
Species scores and case scores are generated until the scores for each species and case are 
stable and the obtained values or eigenvalues (or scores) are assigned to each species and 
cases (i.e. samples).  Eigenvectors or axes are derived from these calculations and as a 
result axis one is the axis with the greatest dispersion and highest eigenvalue (score), 
which represents the importance of the axis in the dispersion of the data.  Sample points 
with similar floristic composition and species abundance are plotted near one another so 
those further away will express greater dissimilarities. 
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CA is known to encompass two faults, namely the “arch effect” usually caused by the 
unimodal response curve and the “edge effect” or compression of the ends of the gradient. 
Because of these two faults the samples present an arched distribution where samples at the 
end of the arch are closer together than they should really be, as a result the second axis is 
difficult to interpret. In addition, the “edge effect” affects the spacing of point scores along 
axis 1, which is then unrelated to the amount of changes.  This compression effects tends to 
narrow species distribution and especially at the end of axis one reducing the variance 
within–sites at the end of the axis compared to the sites in the centre.  
 
Hill and Gauch (1980) developed the Detrended Correspondence Analysis (DCA) in order 
to correct the “arch” and “edge effects”.  The DCA overcomes these faults by detrending 
and rescaling.  Detrending is used to remove the arch effect by dividing the first axis into 
segments and centering axis two, within each segment the point scores are subtracted by 
their mean.  The second process is rescaling, which is used to correct the compression 
along axis one by shifting the point scores so the within-site variance equals 1 (Jongman et 
al, 1995).  The units of the axes in DCA are expressed in standard deviation units (s.d.), 
which resembles the units used in the Gaussian response curve where each species has 
reached its mode (optimum) and decreased over 4 s.d.units.  By rescaling, the average 
width of species response curve is set to equal one. Thus for the interpretation, sample 
points plotted further than 4 s.d. can be considered to have no species in common.  
Performance of DCA may be influence by the presence of rare species therefore down-
weighting of rare species can be undertaken to limit their influence (Jongman et al., 1995; 
Waite, 2000). 
 
3.9.5 Generalized Linear Model on repeated measure  
Generalized Linear Model (GLM) on repeated measures was used to compare and 
investigate differences between the vegetation data.  This test is based on multiple 
regressions and analysis of variance and unlike other statistical tests, data may follow 
normal, Poisson or Binomial distribution and can be balanced as well as unbalanced.  
Although GLM does not prerequisite normally distributed data, vegetation data collected in 
the experiments were transformed to follow a normal distribution and in such case the 
GLM performed as a repeated measure ANOVA model (Davis, 2002).  This statistic 
procedure enabled to test the effect of both within-factors (i.e. year effect) and between-
Chapter 3 Study sites and methodology   74 
factors (i.e. treatment effect) on the different samples (SPSS, 2005).  In addition, post hoc 
tests were conducted using LSD (Least Significance Difference) pairwise multiple 
comparison test which is equivalent to a t-test.  The significance of the statistical tests was 
set at α=0.05 throughout.  
 
3.9.6 Analysis of Variance 
Analysis of variance (ANOVA) is commonly used in ecology to test differences among 
multiple sample means.  The validity of ANOVA tests depends on several assumptions 
such as independence of the data, homogeneity of variances between the samples and data 
normally distributed.  Analysis of variance is a more robust test to compare sample means 
as it decreases the Type I error. Type I error occurs when the null hypothesis is wrongly 
rejected and the probability of making a type I error increases with the number of multiple 
comparisons.  Using ANOVA, the type I error is avoided and proved to be an efficient 
statistical test to compare means (Waite, 2000).  
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4 Effects of reinstating cutting management in species-poor and 
species-rich wet grasslands  
4.1 Introduction 
Estonian wet coastal grasslands are recognized as important habitats composed of a mosaic 
of plant communities and supporting a high diversity of plants species (see Chapter 3).  
The general awareness of habitat loss and the increasing number of threatened plant 
species exacerbated by anthropogenic actions (Sala et al., 2000) such as agricultural 
intensification or abandonment, has led to many debates about the role and implications of 
plant species, functional groups (e.g. annuals or perennials; monocotyledons or 
dicotyledons) and diversity in ecosystem functioning.  As a result, in the last decade, the 
relationships between diversity and ecosystem functioning have been the subject of many 
experimental studies (Hector et al., 2002, Hector et al., 1999, Hooper et al., 2002, Lehman 
and Tilman, 2000, Loreau et al., 2002, Tilman, 1999, Tilman et al., 2002).   
 
Plant diversity is typically expressed using two components, species richness and 
abundance.  Species richness is the number of plant species per unit area and is one of the 
easiest measures taken to assess habitat diversity (Magurran, 2004, Waite, 2000).  It is 
commonly used to demonstrate and describe changes in plant composition and 
communities undergoing different management practices or fluctuating environmental 
conditions (Magurran, 2004).  Productivity (e.g. biomass per unit area) is a simple and 
often used method to assess the functioning of an ecosystem.  The conclusion that 
productivity affects diversity has been accepted amongst ecologists (Waide et al., 1999).  
However, the role played by diversity in habitat productivity has been the subject of 
controversial discussions, with questions about the relative importance of diversity in 
ecosystem stability and resistance to changes (Loreau et al., 2002). 
 
Diversity and productivity (i.e. above ground biomass) are two key variables commonly 
used to assess changes in ecosystem processes (Bishoff et al., 2005, Grace and Jutila, 
1999, Loreau et al., 2002) where diversity is a component of the ecosystem and 
productivity a result of ecosystem functioning.  As a result, many studies have been 
conducted to detect any underlying patterns or relationships between diversity and 
ecosystem functioning (i.e. productivity).  Several hypotheses have emerged on the 
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relationships between diversity and productivity (Waide et al., 1999), which have 
postulated that there is: (i) a positive and linear relationship, (ii) a positive and non linear 
relationship or (iii) no relationships between diversity and productivity.  Most findings 
agree with the first hypothesis and report an increase in diversity with increasing biomass.  
Tilman et al. (2001) conducted several experiments testing the relationships between above 
ground biomass and species richness while controlling species richness and functional 
group distribution (i.e. seeding the plots) in grasslands.  Controlling the plant species 
diversity resulted in explanatory observations where higher species numbers were 
positively related to higher above ground biomass, often showing greater productivity than 
in monoculture grasslands (i.e. over yielding) (Figure 4-1).  Similar findings were 
compiled during a cross-European grasslands study by Hector et al. (1999), which revealed 
the important roles of plant species richness and functional group composition.  Decline in 
species richness was positively related to a decreasing biomass and a certain assemblage 
favoured productivity.  For example, the loss of Trifolium pratense, a nitrogen-fixing 
legume, decreased the above ground biomass by 360g.m-².   
 
Figure 4-1: Measured above-ground biomass and plant species number (Tilman et al., 2002).  The solid 
line is the regression and the dashed line indicates the biomass recorded for the best monoculture. 
 
As reviewed by Grace (1999), many models have been presented to summarise the 
relationships between biomass and species diversity that differ depending on the scale of 
study.  Guo and Wade (1998) found a linear relationship between species richness and 
productivity within open grassland microhabitats, but when examining at a cross-habitat 
level, the relationship between species richness and productivity was assigned to a hump-
shaped or unimodal model (Figure 4-2).  When examining the different habitats, Guo and 
Berry (1998) confirmed that species richness first increased to reach an optimum at an 
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intermediate biomass level and then declined while productivity still increased (Figure 
4-2). 
 
  
Figure 4-2: a) Positive and linear relationship between biomass and species diversity within a single 
habitat (open grasslands) and b) Hump-shaped relationship in cross-habitat studies.  From Guo and 
Wade (1998) 
 
Grime (1979) also described this unimodal relationship in relation to the different 
processes involved and their impact on vegetation productivity (Figure 4-3).  In species 
poor communities, disturbance and stress are the two main processes negatively affecting 
plant production, whereas dominance is the constraining factor in highly productive 
vegetation types.  In order to obtain maximum diversity, Grime (1979) and Hector et al.  
(1999) highlighted the relative role of niche differentiation, which led to a more complete 
use of resources by the different plant species but produced intermediate above ground 
biomass.  Weiner (2001) suggested that interspecific facilitation increases diversity and 
productivity when biomass is low however, when biomass is high, competition negatively 
affects productivity and diversity.   
 
a) b) 
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Figure 4-3: Model summarizing the effects of (1) dominance, (2) stress, (3) disturbances, (4) niche 
differentiation and (5) adapted species establishment upon species diversity and biomass.  From Grime 
(1979) 
While it is likely that ecosystems with higher species richness will have greater 
productivity than species-poor habitats, Tilman et al. (1997) also emphasized the role of 
diversity in ecosystem stability. Stability-diversity relations have been at the centre of a 
debate for decades and many studies seek to describe and explain the patterns.  The 
relationship between plant diversity and ecosystem stability was approached in an early 
study by Pimm (1984), where he theoretically described the decline of ecosystem stability 
with increasing species richness.  In contrast, later studies by Tilman and Downing (1994) 
described a decrease in ecosystem resistance and resilience when plant diversity was 
lowered through nitrogen-induced reductions, showing a positive relationship between 
plant species diversity and ecosystem stability.  This was further studied by Walker et al.  
(1999) who showed that functional group diversity helped to maintain ecosystem stability. 
 
Therefore plant species diversity at the habitat level is a key element participating in 
ecosystem functioning and possibly contributing to stability.  In wet grassland habitats, 
abandonment of low intensity grazing or mowing often leads to a decrease in species 
richness, which may result in lower productivity.  Therefore reinstating management such 
as cutting may increase the stress and disturbance levels impinging on the plant 
community, with responses in plant species richness and productivity.  It is possible to 
hypothesize that a species-rich wet grassland community will show greater stability and 
resistance to management change than a species-poor community due to the important role 
of species richness.  The decline or disappearance of a plant species might be less critical 
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in a species-rich community compared to a species-poor community because there are 
potentially more species able to compensate in a diverse community.   
 
The aim of this study was to investigate the effects of reinstating cutting management on 
abandoned grasslands by comparing responses of comparatively species-poor and species-
rich communities.  The objective of this study was to examine plant species composition 
changes during the five years of the experiment in order to further the understanding of the 
dynamics of species-poor and species-rich wet grasslands.  Abundance of species and 
functional groups (i.e. annuals and perennials; monocotyledons and dicotyledons; grasses, 
sedges, rushes and forbs) were studied to interpret changes in composition and abundance.  
Plant composition changes were further investigated through biomass and diversity 
changes between cut and uncut treatments.  Results will offer insight into plant and 
community dynamics and have implications for restoration management for conservation 
purposes. 
 
4.2 Study sites and methodology 
4.2.1 Study area 
The study sites were located within the protected area of Hosby on Vormsi Island in 
Western Estonia (Figure 4-4).  Hosby covers a large area of more than 100 ha and was 
identified as an important coastal grassland site for the habitats it sustained and the 
diversity in wildlife, especially wildfowl and waders (Chapter 3).  In the last 20-25 years, 
changes in agricultural practices with grazing abandonment led to the loss and 
modification of these coastal grasslands.  By 2002, Hosby was almost completely covered 
with Phragmites australis forming a reedbed with any remaining patches of wet grassland 
encroached by P. australis. 
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Figure 4-4: Location of the study site of Hosby, Vormsi Island.  The yellow line marks the boundary of 
Hosby protected area.  The  indicates the tall grass enclosure and the  indicates the lower shore enclosure. 
 
4.2.2 Methods 
Two contrasting wet grassland plant communities were selected in 2003 for this 
experiment, tall grassland and lower shore grassland. Lower shore grassland (Table 4-1, 
Plate 4-1) was typified by a relatively high abundance of Juncus gerardii and Festuca 
rubra comprising more than 40 % of the surveyed area and by three salt tolerant forb 
species that were Glaux maritima, Plantago maritima and Triglochin maritima (Table 
4-1).  Eighteen plant species were identified within the surveyed area, although the mean 
species richness was approximately 10.3 ± 0.7 and 10 ± 0.5 species per 2 m x 2 m quadrat 
in the abandoned and cut plots respectively.  No significant difference in species richness 
was observed between cut and abandoned plots before treatments were applied.  As a result 
of abandonment, Phragmites australis was present in all the surveyed area and mean cover 
in the plots was 15 % making this robust grass the second most dominant species.  Tall 
grassland is a relatively species-rich plant community, with greater species richness than 
lower shore grassland (Plate 4-2).  In 2003, tall grassland quadrats assembled an average of 
13.1 ± 1.1 and 15 ± 0.5 species per quadrat in the abandoned and cut plots, respectively, 
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and a total of 33 plant species were identified within the area (Table 4-1).  Pre-treatment no 
significant differences were observed between the cut and control plots.  Grass species 
were the dominant taxonomic group covering almost half of the quadrats on average, 
where Festuca arundinacea, Festuca rubra and Elytrigia repens were well represented.   
 
Lower shore grassland in 2003   Tall grass grassland in 2003 
Variables Abandoned  Cut    Variables Abandoned  Cut  
Bare  1.9 ± 0.8 2.0 ± 1.2  Bare  1.3 ± 0.3 1.5 ± 0.5 
Litter 5.9 ± 1.0 6.5 ± 0.6  Litter 10.1 ± 1.6 9.9 ± 1.9 
Moss 0.1 ± 0.1 0.1 ± 0.1  Ophi vulg 0.5 ± 0.3 1.3 ± 0.4 
Ophi vulg 0.1 ± 0.1 0.0 ± 0.0  Agro gig 1.6 ± 0.9 0.9 ± 0.3 
Agro sto 2.4 ± 0.5 3.0 ± 1.1  Alop prat 0.1 ± 0.1 0.0 ± 0.0 
Fest rub 13.8 ± 4.2 15.0 ± 2.5  Ely rep 14.1 ± 3.8 14.6 ± 4.0 
Phrag aust 15.1 ± 2.2 14.1 ± 2.1  Fest arun 17.9 ± 2.6 17.5 ± 2.3 
Cx dist 0.1 ± 0.1 0.3 ± 0.3  Fest rub 9.1 ± 2.1 10.9 ± 1.9 
Cx nig 0.0 ± 0.0 0.1 ± 0.1  Mol caeru 0.0 ± 0.0 0.6 ± 0.6 
Eleo pal 1.9 ± 0.7 1.0 ± 0.7  Phrag aust 15.0 ± 2.1 13.1 ± 2.4 
Jun ger 25.9 ± 2.9 25.0 ± 2.3  Ach mill 6.3 ± 3.0 4.9 ± 1.8 
Atrip pat 0.1 ± 0.1 0.0 ± 0.0  Ang pal 0.3 ± 0.3 0.5 ± 0.3 
Gal pal 1.0 ± 0.4 1.1 ± 0.3  Atrip pat 0.1 ± 0.1 0.3 ± 0.2 
Glx mar 16.4 ± 3.9 15.1 ± 3.9  Cent jac 0.9 ± 0.5 1.1 ± 0.7 
Leon aut 0.5 ± 0.3 0.5 ± 0.2  Filip ulm 0.1 ± 0.1 0.3 ± 0.3 
Lot ped 0.3 ± 0.3 0.0 ± 0.0  Galeo tet 0.1 ± 0.1 0.4 ± 0.2 
Odo vern 1.1 ± 0.5 1.0 ± 0.3  Gal bor 0.1 ± 0.1 0.5 ± 0.3 
Plant mar 8.1 ± 2.3 7.0 ± 1.9  Gal pal 0.9 ± 0.4 0.3 ± 0.2 
Pot ans 2.8 ± 1.1 1.1 ± 0.4  Gal uli 0.5 ± 0.5 0.0 ± 0.0 
Trigl mar 5.9 ± 0.8 8.0 ± 2.0  Gal ver 1.3 ± 0.7 0.6 ± 0.5 
Species richness 10.3 ± 0.7 10 ± 0.5  Lin vul 1.1 ± 0.7 2.8 ± 1.6 
        Lot ped 0.1 ± 0.1 0.0 ± 0.0 
        Lysim vul 0.5 ± 0.5 0.0 ± 0.0 
        Men aqua 0.9 ± 0.9 1.4 ± 1.2 
        Peu pal 2.6 ± 0.7 1.4 ± 0.4 
        Plant lanc 0.0 ± 0.0 0.5 ± 0.4 
        Pot ans 4.3 ± 0.8 4.1 ± 0.9 
        Ran acr 0.0 ± 0.0 0.6 ± 0.3 
        Rx acet 0.1 ± 0.1 0.0 ± 0.0 
        Rx crisp 0.0 ± 0.0 0.1 ± 0.1 
        Son arv 3.0 ± 1.0 2.3 ± 0.7 
        Tan vul 0.0 ± 0.0 1.5 ± 1.5 
        Trif prat 0.6 ± 0.5 0.4 ± 0.3 
        Val off 4.4 ± 1.2 3.4 ± 0.8 
        Vic crac 3.8 ± 1.3 4.6 ± 0.8 
        Species richness 13.1 ± 1.1 15 ± 0.5 
Table 4-1: Lower shore and Tall grass grassland mean (n=8, SE) cover (%) for bare, litter and species 
identified in 2003 in each treatment.  The species are labelled with the abbreviated names listed in 
Appendix A 
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Forb species were the most numerous and comprised more than a third of the quadrat area 
with Achillea millefolium, Potentilla anserina, Valeriana officinalis, Vicia cracca and 
Peucedaneum palustre the most represented.  Litter and Phragmites australis had 
relatively high mean abundance of approximately 10 % and 14 % respectively, probably as 
a result of grazing cessation experienced on site. 
 
The area was first surveyed in August 2003 (Table 3-12) and 16 permanent 2 m x 2 m 
quadrats were placed in each plant community (nLS=16 and nTG=16) (Plate 4-1 and Plate 
4-2).  These were fenced off to prevent any disturbance by animals such as wild boar (and 
later cattle) and permanently fixed with metal poles so it was possible to relocate them 
using a metal detector for the annual survey during the five years of the experiment (2003-
2007).  In each plant community the plots were selected in a stratified random way to 
ensure interspersion.  Eight quadrats had no treatments and were identified as abandoned 
plots (i.e. nAbandoned=8 in each habitat).  The other eight quadrats were cut annually using 
shears, leaving 3-4 cm of standing vegetation (i.e. nCut=8).  The cut vegetation was then 
removed from the plots.  During the annual survey, the percentage cover for each species 
present as well as bare ground and litter was visually estimated.  
 
Biomass samples of standing vegetation were also collected in both plant communities. In 
August 2003, at the start of the experiment, five samples of 0.25 m x 0.25 m were 
randomly collected in lower shore grassland (nControl=5) and in tall grassland (nControl=5) 
within an area no more than 10 m from the experiment.  In July 2007, at the end of the 
experiment, five biomass samples were collected for each treatment (i.e. cut and 
abandoned) in the lower shore grassland (nCut= 5 and nAbandoned= 5) and tall grassland (nCut= 
5 and nAbandoned= 5).  For each sample, the vegetation was cut at ground level, bagged 
separately and kept in the fridge until the species were identified, dried in an oven at 60º C 
for 24 h and weighed using a scale of 0.01g accuracy.  The proportional weight of each 
species was calculated for each sample and used for further statistical analysis.  
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Plate 4-1: Lower shore grassland study site at Hosby. Note the difference in vegetation height between the 
Cut and Abandoned plots.   
 
 
Plate 4-2: Tall grassland study site at Hosby.  Note the proximity of the reedbed edge and the difference in 
vegetation height between the cut and abandoned plots.   
 
Abandoned 
Cut 
Cut 
Abandoned 
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4.2.3 Statistical analysis 
Changes in the floristic composition in each plant community were described using species 
abundance in abandoned and cut plots and the annual fluctuations within each treatment 
between 2003 and 2007.  Cover percentages and biomass (i.e. proportional weight) for 
each species were arcsine transformed to verify the normality assumption necessary for 
further statistical tests.  Multivariate analysis using Detrended Correspondence Analysis 
(DCA) was first performed to give a summary of any changes and variations in the plant 
communities (MVSP, 2003).  Changes were further studied using mean abundance (n=8) 
for each treatment with General Linear Model (GLM) and Least Significant Difference 
(LSD) post hoc testing to detect any changes within (i.e. annual variations) and between 
(i.e. treatment effect) the treatments.  The analysis was performed for each species, 
functional groups (i.e. grasses, rushes, sedges and forbs; annual and perennials), and 
taxonomic group (i.e. monocotyledons and dicotyledons).  Variables showing significant 
differences, with means greater than 5 %, were graphically represented.  The diversity of 
each community for each year was assessed using mean species richness, the Shannon-
Wiener diversity and evenness index, and Simpson’s diversity and evenness index.  The 
biomass proportional values were compared using ANOVA followed by a Least 
Significant Difference test to determine if the difference is due to the treatment effect or is 
simply random.  
 
4.3 Results 
4.3.1 Annual cover changes in lower shore grassland 
A Detrended Correspondence Analysis ordination based on species cover was carried out 
to differentiate the samples for each treatment and each year (Figure 4-5).  Results show 
that both control and cut plots were similar in floristic composition in 2003 and that their 
plant community composition underwent changes between 2004 and 2007 as expressed by 
shifting point scores along both axes one and two (Figure 4-5).  Axis one accounted for 
31% of the variation in species composition of point scores, which showed a greater 
dispersion (0.6 standard deviation units) and an eigenvalue of 0.073.  Axis two accounted 
for 12 % of the variation in species composition and the point scores showed smaller 
dispersion, in particular for the abandoned plots that had a maximum dispersion of 0.28 
standard deviation.  
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Figure 4-5: Detrended Correspondence Analysis diagram of cut and control observations surveyed 
between 2003 and 2007 in lower shore grassland, based on the mean (n=8) abundance of species and 
standard errors of the mean.  Each point is labelled according to the treatment (Ct= cut and A= 
Abandoned) and year of survey (03=2003, 04=2004, 05=2005, 06=2006 and 07=2007).  
 
Although in 2003 and 2004 the scores for both abandoned and cut samples were clustered 
with low scores along axis 1 of the DCA, in 2005 the point scores shifted along axis one 
and this trend was accentuated in 2006 and 2007.  From 2005 onwards, increasing distance 
between the cut and abandoned points scores is clearly visible (Figure 4-5), and this 
indicates increasing differences in floristic composition between the two treatments. 
 
4.3.1.1 Annual cover changes within control plots 
As summarized in Table 4-2, between 2003 and 2007 eleven variables out of a total of 20, 
and six functional groups showed significant differences in their percentage cover in the 
abandoned plots.  The year 2005 had the most changes with the previous year, as six 
species, litter cover and six functional groups showed significant differences, and 2007 had 
the least significance differences.  
 
 Differences between 2003-2004 2004-2005 2005-2006 2006-2007 
 
Variables p-value Variables p-value Variables p-value Variables p-value 
Control Agrostis stolonifera (+) 0.000 Litter (-) 0.011 Bare (+) 0.046 Agrostis stolonifera (+) 0.001 
 Litter (+) 0.000 Festuca rubra (-) 0.000 Agrostis stolonifera (+) 0.003 Phragmites australis (-) 0.016 
 Phragmites australis (-) 0.003 Phragmites australis (+) 0.013 Juncus gerardii (-) 0.029 Plantago maritima (+) 0.000 
 Juncus gerardii (-) 0.026 Juncus gerardii (+) 0.000 Plantago maritima (-) 0.004 Blysmus rufus (-) 0.000 
 Glaux maritima (-) 0.000 Glaux maritima (-) 0.036 Triglochin maritima (+) 0.026   
 Total rushes cover (-) 0.012 Odontites vernus (-) 0.014 Blysmus rufus (+) 0.008   
 Monocotyledons (-) 0.004 Blysmus rufus (+) 0.012 Total rushes cover (-) 0.023   
 Dicotyledons (-) 0.045 Total grass cover (-) 0.018 Species richness (-) 0.019   
 Perennials (-) 0.000 Total rushes cover (+) 0.000 Annuals (+) 0.025   
   Monocotyledons (+) 0.002     
   Dicotyledons (-) 0.004     
   Annuals (-) 0.014     
   Pernnials (+) 0.029     
Table 4-2: Plant community variables showing significant differences (p <0.05) within the abandoned plots for each year from 2003-2007 in the lower shore 
grassland 
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In 2004, the abandoned plots showed significant decreases in abundance for three species 
notably Phragmites australis (p=0.003), Juncus gerardii (p=0.026) and Glaux maritima 
(p<0.001) (Figure 4-6).  Agrostis stolonifera and litter, on the contrary, increased 
significantly and covered an average of 10.3 % ±1.8 and 19.4 % ±2.0 respectively. 
 
In 2005, litter and six species showed cover variations with Juncus gerardii and Festuca 
rubra showing highly significant differences (p-values <0.001) (Table 4-2).  F. rubra 
decreased significantly in frequency and abundance, this grass was only identified in three 
abandoned quadrats in 2005 compared to a 100 % occurrence in 2004 and showed 80 % 
decrease between 2004 and 2005.  Contrarily, Juncus gerardii abundance doubled between 
2004 and 2005 with a maximum cover value recorded in a single quadrat of 58 % in 2005 
(Figure 4-6). 
 
Four species present significant changes in percentage cover in 2006 compared to the 
previous year, and bare ground increased significantly (p=0.046) in the abandoned plots.  
Although Agrostis stolonifera did not show any significant differences between 2004 and 
2005, this grass increased since the beginning of the survey in 2003 where the mean 
abundance was 2.4 % ± 0.5 and in 2007 the average abundance was greater than 25 % ± 
2.5 (Figure 4-6).  Phragmites australis, the dominant grass in 2003, showed an overall 
decrease in abundance in the abandoned plots between 2003 and 2007, although it 
increased in 2005.  The mean abundance in 2007 for P.australis showed a 45 % decrease 
during the four growing seasons leaving Agrostis stolonifera and Juncus gerardii 
dominating the plant community. 
 
In 2007 changes were visible for the percentage cover of three species that were Plantago 
maritima, A. stolonifera and P. australis (Figure 4-6 and Table 4-2).  P. australis cover 
continued to decrease whereas Plantago maritima, a characteristic species of lower shore 
grassland, and A. stolonifera, a creeping grass species, increased their percentage cover 
significantly. 
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Figure 4-6: Mean (n=8, ± SE) percentage cover of species with significant differences (GLM, LSD post 
hoc, p-value<0.05) between years in lower shore abandoned plots. The * indicates levels of significant 
differences with the previous year with * < 0.05, **< 0.01 and ***< 0.001. The species are labelled with the 
abbreviated names listed in Appendix A. 
 
Odontites vernus, a typical annual species of lower shore grassland presented a significant 
decrease in abundance between 2004 and 2005 and represented less than 1% cover by 
2007.  As this plant species represented less than 5% in overall cover, it was not 
represented in Figure 4-6, however it is interesting to underline the decrease of this annual 
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species even though bare ground increased, which could have favoured its establishment.  
Blysmus rufus is a common Cyperaceae species of lower shore grassland, which also 
covered less than 5% of the surveyed plots and was only identified in 2005 and 2006 when 
it showed significant differences (Table 4-2). 
Between 2003 and 2007 the cover of bare ground, litter and A. stolonifera increased 
whereas Festuca rubra, P. australis, Glaux maritima, Odontites vernus and Plantago 
maritima decreased.  Juncus gerardii and Triglochin maritima were the only two species 
with similar abundances after five years of treatment although annual fluctuations were 
noticeable during the study (Figure 4-3).  The variations in percentage cover of the species 
cited above show that the lower shore grassland plant community is a naturally dynamic 
community and that species fluctuate possibly due to the influence of abiotic factors such 
as hydrology or weather. 
 
In relation to the variations in plant species cover, functional groups (annuals/perennials 
and grass/sedge/rush/forbs and taxonomic groups (i.e. monocotyledons and dicotyledons)) 
were similarly variable and showed significant differences, as summarized in Table 4-2.  
The grass cover was significantly decreased in 2005, seemingly affected by the decrease of 
Festuca rubra (Figure 4-6).  The total rush cover also showed significant differences 
within the years of experiment (Table 4-2), closely related to the trends of Juncus gerardii, 
as this rush composed more than 90% of the total rush cover.  The monocotyledon cover 
represented by the Poaceae, Juncaceae, Cyperaceae and Triglochin sp. fluctuated in the 
first two years with a 10 % decrease by 2004 and a 15% increase by 2005.  After 2005 the 
total percentage cover of monocotyledons remained stable at around 70%.  Dicotyledon 
species cover was significantly decreased in 2004 and 2005 (Table 4-2), mainly affected by 
the decrease of Glaux maritima and Odontites vernus.  Finally, annuals and perennials also 
showed significant differences in the total cover, although annuals represented less than 1.5 
% and perennials experienced an overall decrease of 14%, mainly due to the increase of 
litter and bare ground. 
 
4.3.1.2 Annual cover changes within cut plots 
The cut plots also experienced changes in plant species cover as summarized in Table 4-3 
and Figure 4-7.  Similar species showed significant differences in the cut and control plots 
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such as A. stolonifera, P.australis, Glaux maritima and litter in 2004 however the changes 
in percentage cover seemed to have been enhanced by the cutting.  
 
In the first growing season after reinstating cutting, litter and Agrostis stolonifera 
significantly increased in percentage cover whereas P. australis and Glaux maritima 
decreased (Table 4-3).  P. australis showed a highly significant reduction of its abundance 
from an average of 14.1 % ± 2.1 to 5.8 % ± 1.2 within the first application of the treatment 
(Figure 4-7).  Triglochin maritima, an indicator species of lower shore grasslands, 
decreased in cover from 8 % ± 2.0 to 2.5 % ± 0.3 between 2003 and 2004.  Its cover 
increased significantly between 2005 and 2006, however the  value recorded was lower 
than in 2003, and by 2007 T. maritima had a mean abundance value of 4 % ± 0.4 (Figure 
4-7).  
 
In 2005, seven variables had significant differences in their percentage cover (Table 4-3) of 
which Festuca rubra, Glaux maritima and litter showed a decrease in abundance whereas 
P. australis, Juncus gerardii, Blysmus rufus and bare ground significantly increased 
(Figure 4-7).  F. rubra cover reduced significantly (p<0.001) from 17.1 % ± 4.1 to 1.3% ± 
0.5 between 2004 and 2005 (Figure 4-7) and this was also experienced in the control plots 
(Figure 4-6).  Glaux maritima, a short forb species, had a 68% decline and a total mean 
cover of 3.4 % ± 0.8 in the cut plots (Figure 4-7).  Although P.australis showed a 
significant decrease in 2004, one year after reinstating cutting, in 2005 this robust grass 
species increased and had a mean cover of 10.3 %± 2.1.  However, the maximum cover 
recorded was 20% whereas in 2003 at the start of the experiment it was 25%.  The cut plots 
showed a significant increase of bare ground especially between 2004 and 2005 when the 
mean cover increased from 0.3 % ± 1.2 to 10.3 % ± 4.2. 
  
Differences between 2003-2004 2004-2005 2005-2006 2006-2007 
 
Variables p-value Variables p-value Variables p-value Variables p-value 
Cut Agrostis stolonifera(+) 0.000 Bare (+) 0.000 Agrostis stolonifera (+) 0.005 Bare (+) 0.003 
 Litter (+) 0.000 Litter (-) 0.024 Eleocharis palustris (+) 0.026 Agrostis stolonifera (+) 0.041 
 Phragmites australis (-) 0.000 Festuca rubra (-) 0.000 Juncus gerardii (-) 0.003 Litter (-) 0.002 
 Glaux maritima (-) 0.001 Phragmites australis (+) 0.004 Glaux maritma (+) 0.036 Festuca rubra (-) 0.006 
 Triglochin maritima (-) 0.002 Juncus gerardii (+) 0.001 Plantago maritima (-) 0.009 Blysmus rufus (-) 0.000 
 Monocotyledons (-) 0.004 Glaux maritima (-) 0.004 Triglochin maritima (+) 0.002 Species richness (-) 0.000 
 Perennials (-) 0.000 Blysmus rufus (+) 0.019 Blysmus rufus (+) 0.000   
   Species number (-) 0.006 Carex distans (-) 0.049   
   Total grass cover (-) 0.002 Total rushes cover (-) 0.004   
   Total rushes cover (+) 0.001 Annuals (+) 0.036   
   Monocotyledons (+) 0.044     
   Dicotyledons (-) 0.000     
Table 4-3: Plant community variables showing significant differences (p <0.05) within the cut plots for each year from 2003-2007 in the lower shore grassland 
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Figure 4-7: Mean (n=8, ± SE) percentage cover of species with significant differences (GLM, LSD post 
hoc, p-value<0.05) between years in lower shore cut plots. The * indicates levels of significant differences 
with the previous year with * < 0.05, **< 0.01 and ***< 0.001. The species are labelled with the abbreviated 
names listed in Appendix A. 
 
In 2006, eight species had significant differences in percentage cover compared to the 
previous year.  A. stolonifera, Eleocharis palustris, Glaux maritima, Triglochin maritima 
and Blysmus rufus increased significantly whilst Juncus gerardii, Plantago maritima and 
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Carex distans decreased.  Glaux maritima, Eleocharis palustris and Carex distans are three 
species that showed significant differences in the cut plots and not in the control plots, thus 
cutting possibly favoured these species, although Carex distans and Eleocharis palustris 
represented less than 5% in overall cover and were occasional species recorded in few 
quadrats.  
 
During the final year of the study, fewer variables showed differences in their cover, only 
Agrostis stolonifera, Festuca rubra, Blysmus rufus, bare ground and litter.  Bare ground 
increased significantly to reach a mean cover of 24.6%± 4.3 and the maximum value 
recorded was above 50%.  These high values could be explained by the wet conditions 
experienced on site as many of the plots were flooded with 10-15 cm of water while the 
surveys were taking place and this might have affected the vegetation estimation.   
 
Functional groups were also affected during the experimental period, and presented some 
seasonal variations within the cut plots (Table 4-3).  Total grass cover was halved in 2005 
in the cut plots and represented an average cover of 16.1% ±2.9, mainly caused by the 
significant decrease of F. rubra and decrease of A. stolonifera.  Total rushes cover was 
stongly influenced by Juncus gerardii, the main species, and therefore total rush cover 
showed significant difference for the years 2005 and 2006.  In 2004, although the total 
grass cover decreased in general, the percentage cover of monocotyledons increased as a 
result of a significant increase of the rush species J. gerardii.   
 
Monocotyledons had a mean ranging between 56.8 % ± 2.6 at its lowest in 2004 to 66.5 % 
± 2.2 in 2003 and presented a significant difference in 2004 and 2005 (Table 4-3).  The 
decrease in grass species combined with a reduction of Triglochin maritima cover (Figure 
4-7) could explain this result.  Dicotyledons in the cut plots showed a 75 % decrease in 
cover with a significant decline in 2005 for the cut plots.  After 2005 the percentage cover 
of dicotyledons dropped to lower values in the cut plots (6.5% ± 0.6 in 2007) and this 
decrease could be related to the disappearance of Leontodon autumnalis and the decrease 
of Glaux maritima (Figure 4-7). 
 
Annual species are poorly represented in lower shore grassland.  Odontites vernus and 
Atriplex patula are the only two species and had relatively low cover (less than 1% in 
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general).  The positive increase of annuals in 2006 could be related to the appearance of 
Atriplex patula, as this species was not recorded during the previous years.  
 
4.3.1.3 Annual cover changes between abandoned and cut plots 
As detailed in the previous sections, many species and variables showed significant 
changes within the control and cut plots during the five-year experiment.  Lower shore 
grassland is evidently a dynamic environment and the fluctuating abiotic factors influenced 
the vegetation in the control and cut plots.  However by reinstating yearly cutting 
management, several species were affected as summarized in Table 4-4 and Figure 4-8.   
 
2005 2006 2007 
Variables p-value Variables p-value Variables p-value 
Bare (Ct>A) 0.024 Bare (Ct>A) 0.031 Bare (Ct>A) 0.001 
Triglochin maritima (A>Ct) 0.005 Total grass cover (A>Ct) 0.031 Agrostis stolonifera (A>Ct) 0.009 
Eleocharis palustris (A>Ct) 0.001   Litter (A>Ct) 0.001 
Species richness (A>Ct) 0.020   Festuca rubra (A>Ct) 0.042 
    Potentilla anserina (A>Ct) 0.033 
    Species richness (A>Ct) 0.020 
    Total grass cover (A>Ct) 0.002 
    Dicotyledons (A>Ct) 0.003 
Table 4-4: Plant community variables showing significant differences (p<0.05) in % cover between 
Abandoned (A) and Cut (Ct) plots per year in the lower shore grassland. There were no significant 
differences in 2003 and 2004 
 
Results show that ten variables had statistical differences between the abandoned and the 
cut plots from 2005 onwards.  Although bare ground had low cover in both treatments in 
2003 and 2004, it increased rapidly in the cut plots and was significantly higher in the 
treated plots for 2005, 2006 and 2007.  Bare ground cover did increase in the abandoned 
plots but the mean percentage cover was 7.4 % ± 2.5 in 2007 whereas in the cut plots it 
represented more than 24 % (Figure 4-8).  
 
Similar fluctuations in litter abundance were observed in both treatments between 2003 
and 2006 (Figure 4-8).  Litter cover had a mean abundance of 6 % in 2003 and increased 
three-fold by the end of 2004 to reach values of 19.4 % ± 1.0 and 17.6 % ±0.6 in the 
abandoned and cut plots respectively.  From 2004 to 2007, a relatively regular decrease 
was observed, with exception to the cut plots in 2007.  In 2007, litter had a mean cover of 
10.9 % ± 2.7 in the abandoned plots whereas the cut plots showed lower and significant 
difference with an average of 1.4 % ± 0.3.  
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In 2005, Triglochin maritima and Eleocharis palustris had significantly higher mean cover 
in the abandoned plots than in the cut plots (Figure 4-8).  T. maritima had similar cover 
variations under both treatments and low percentage cover (<8%), however T. maritima 
seemed to be negatively affected by cutting, hence the consistent lower percentage cover in 
the cut plots between 2004 and 2007.  Eleocharis palustris, was recorded in two cut 
quadrats in 2004 and had very low average cover values in both sets of plots.  The 
significant difference experienced in 2005 could be explained by the disappearance of this 
species in the cut plots during that year.  
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Figure 4-8: Mean (n=8, ± SE) abundance of species with significant differences (GLM, LSD post hoc, 
p-value<0.05) between the abandoned () and the cut () plots for 2003-2007 in lower shore 
grasslands.  The * indicates the level of significant differences with * < 0.05, **< 0.01 and ***< 0.001. The 
species are labelled with the abbreviated names listed in Appendix A. Note the different axis scales 
 
Two grass species showed significant treatment effects in 2007: Agrostis stolonifera and 
Festuca rubra.  A. stolonifera increased under both treatments (by 90 % in the control; 80 
% in the cut plots) but had a greater growth in the abandoned plots where in 2007 it had a 
mean cover of 25.9 % ± 2.5 and a maximum cover of 35 %.   
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In contrast, F. rubra slightly increased between 2003 and 2004 with mean abundance of 14 
%± 3.5 and 17% ± 4.1 in abandoned and cut plots respectively, but severely decreased in 
abundance and occurrence from 2004 onwards (Figure 4-8).  This grass species was 
recorded in 37 % of the abandoned plots and in 50 % of the cut plots in 2005 and the 
average abundance ranged respectively between 1.3% ± 0.7 and 1.3% ± 0.5.  From such 
low abundance F. rubra recovered slightly in 2006 but in 2007 the cover was still low in 
both plots (Figure 4-8).  Nevertheless, abandoned plots showed significantly higher cover 
than the cut plots, which could suggest a treatment effect. 
 
Cutting did not affect the total cover of monocotyledons but did affect the total grass cover 
(Table 4-4), which was higher in the abandoned plots in 2006 and 2007.  This difference in 
percentage cover of grass species is explained by the greater increase of A.stolonifera in 
the control plots.   
 
The occurrence of annuals may be closely related to the gap or “microsite” dynamics, 
which supposedly is increased or affected through management practices like grazing or 
cutting.  However the results obtained during this experiment did not show significant 
differences between treatments in the abundance of annuals, despite the greater bare 
ground cover in the cut plots.   
 
Potentilla anserina also showed a significant difference in relation to management 
treatment in 2007 (Table 4-4 and Figure 4-8).  In both treatments the abundance of this 
forb decreased similarly over the experiment but in 2007 the abandoned plots showed 
significantly higher abundance than the cut plots.  The mean abundance cover of P. 
anserina was relatively low during the entire study and its occurrence varied from 50 % to 
12 % in the cut plots and increased in the abandoned plots from 50% to 60% by 2007.    
 
4.3.2 Above-ground biomass changes in lower shore grassland 
Results of the biomass sampling between 2003 and 2007 showed that reinstating cutting 
had a negative effect on the above-ground biomass.  Table 4-5 presents the weighed dry 
biomass samples collected in 2003 and 2007 under the abandoned and cut treatments.  In 
2003 the control plots had a mean dry biomass of 393.6 ± 62.5 g.m-², which was not 
significantly different with the biomass of the control plots in 2007  (Biomass2007 = 318.7 ± 
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41.7 g.m-²).  In contrast, the cut plots had a significantly different (Anova 1-way, LSD post 
hoc test) above ground biomass with 83.1 ± 12.7 g.m-² and a maximum of 107.7 g.m-² 
(Table 4-5).  
 
 Table 4-5: Means (n=5), Standard Errors, minima and maxima of total biomass sampled in 2003 and 
2007.   
 
Floristically, the pre-treatment samples collected in 2003 were dominated by grass species 
(Figure 4-9), which represented more than 50 % of the total biomass collected.  Three 
grass species were commonly found throughout the samples, with Phragmites australis 
composing 21.5 % ± 2.2 of the samples followed by Festuca rubra (15.1 % ± 3.2) and 
Agrostis stolonifera (12.4 % ± 4.6).  Rush was the second most represented taxon, 
contributing to 20 % of the total biomass mainly represented by Juncus gerardii.  Finally, 
forbs composed 18 % ± 5.46 of the total weighed biomass with Plantago maritima the 
most represented species in the samples.  Sedges were only found in one sample and 
represented 6 % of the total biomass.  
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Figure 4-9: Proportion of total biomass represented by litter and each functional groups (i.e. Grass, 
Sedge, Rush and Forbs) in each treatment in 2003 and 2007. 
The samples collected in the abandoned plots in 2007 showed similar distribution within 
the taxonomic groups (Figure 4-9).  Although the proportion of grasses decreased to 44 % 
Year Treatment Mean ± SE (g.m-²) Min (g.m-²) Max (g.m-²) Species richness 
2003 Abandoned 393.6 ± 62.5 285.7 601.1 9.8 ± 0.37 
2007 Abandoned 318.7 ± 41.7 183.1 416.1 7 ± 0.63 
2007 Cut 83.1 ±12.7 46.5 107.7 5.6 ± 0.51 
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± 3.9 to the profit of rushes species, which now represented up to 34 % ± 2.54, P.australis 
and A. stolonifera were still the commonest species identified.  The forb proportion 
represented 16 % ± 2.19  (Figure 4-9) with Triglochin maritima and  Plantago maritima  
counting for 6.4 % ± 1.5 and 3.2 %± 1.2 of the total biomass respectively.  Biomass in the 
cut plots in 2007 was dominated by rush species, mainly J. gerardii (50 % ± 6.4), followed 
by grasses (29 % ± 10.16) and forbs (19.5% ±4.7).  P. australis and A. stolonifera were 
represented in lower proportions than in the abandoned samples.  
 
A total of eight variables showed significant differences in biomass between the different 
treatments (i.e. Abandoned 2003, Abandoned 2007 and Cut 2007).  Litter showed a 
significant decrease in the cut plots (Figure 4-10), where it represented 1.3 % ± 0.8 
compared to 8.7 %± 0.8 and 5.5 % ± 2.2 in the abandoned plots in 2003 and 2007.   
 
A. stolonifera and F. rubra were the only grass species with significant differences.  A. 
stolonifera significantly increased in the 2007 abandoned plots whereas the cut plots had 
significantly lower values than the abandoned in 2007.  Festuca rubra severely decreased 
in the 2007 samples; it only represented 1.3 % ± 0.9 in control 2007 and was not identified 
in the cut 2007 samples.  Juncus gerardii increased between 2004 and 2007; however the 
cut plots showed a higher proportion, which was significantly different from the 
abandoned samples in 2003 and 2007 (Figure 4-10).  This result is also reflected in 
biomass represented by the total rush proportion, as J. gerardii constituted 99 % of the 
rushes.  
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Figure 4-10: Mean (n=5, ± SE) percentage biomass species greater than 5% with significant differences 
(Anova 1-way, LSD post hoc, p-value=0.05) between abandoned (A) and cut (C) in 2003 (03) and 2007 
(07) in lower shore grasslands.  Different letters indicate significant differences. The species are labelled 
with the abbreviated names listed in Appendix A. 
 
Perennials slightly increased in 2007 and the biomass was significantly different than the 
results for abandoned 2003 (Figure 4-10).  Odontites vernus, an annual species was only 
identified in the abandoned 2003 samples and disappeared in 2007.  Finally, the 
monocotyledons increased between 2003 and 2007, showing a significant difference 
between abandoned 2003 and cut 2007 samples.  This augmentation in the cut plots was 
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possibly caused by the high proportion of Triglochin maritima, which represented only 1.8 
% ± 0.7 in the abandoned 2003 samples and 12.3 % ± 6.2 in the cut 2007 samples. 
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Figure 4-11: Correlation between species richness and production in lower shore grasslands (Pearson 
value: 0.641, p-value: 0.010).  Black circles represent the abandoned 2003 values, grey circles the 
abandoned 2007 values and white circles the cut 2007 values. 
 
Significant differences in species richness were only observed between Abandoned 2003- 
Abandoned 2007 (p<0.01) and Abandoned 2003-Cut 2007 (p<0.001) (Figure 4-10).  In 
2003, 15 different species were identified and a maximum of 11 species was recorded 
within a single sample.  The highest mean species richness was recorded in the abandoned 
2003 (9.8 ± 0.37) samples followed by the abandoned 2007 (7 ± 0.63) and the cut 2007 
(5.6 ± 0.51) (Figure 4-8).  In addition, a decrease in total above ground biomass was 
observed in the cut plots in 2007, which was strongly correlated with species richness 
(Pearson value: 0.641, p-value=0.010) (Figure 4-11).  This suggests that more productive 
lower shore grasslands may be more diverse at the small-scale, and that cutting may 
negatively affect the production of lower shore grasslands.    
 
4.3.3 Diversity in lower shore grasslands 
4.3.3.1 Species richness  
The mean species richness in the abandoned plots fluctuated between 10.3 ± 0.7 in 2003 
and 8.4 ± 0.4 in 2007 with a significant decrease between 2005 and 2006 (Figure 4-12a) 
when the mean species richness decreased from 10.1 ± 0.6 to 8.5± 0.7.  This was caused by 
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the loss of Galium palustris and Blysmus rufus, two common species of lower shore 
grassland.  In 2003 the mean species richness of cut plots was 10 ± 0.5, which remained 
stable in 2004 but significantly decreased in 2005 to 8.6 ± 0.7 (Figure 4-12b).  Further 
species losses (Odontites vernus, Leontodon autumnalis and Galium palustris) between 
2006 and 2007 significantly lowered species richness so by 2007 cut plots had a mean 
species richness of 7.2 ± 0.1. 
 
In addition to these species richness fluctuations, significant changes were observed 
between treatments (Figure 4-12c) in 2005 and 2007. During the five years of the 
experiment cut plots showed lower mean species richness than abandoned plots except in 
2006, although in 2003 both sets had similar mean species richness with 10.3 ±0.7 and 10 
± 0.5 in abandoned and cut plots respectively.  Reinstating cutting seemed to have 
influenced species richness of lower shore plant community, mainly affecting those species 
with low abundance and occurrence such as Odontites vernus, Blysmus rufus and Galium 
palustris.  
 
Figure 4-12: Mean (n=8, ± SE) species richness and significant differences (GLM, LSD post hoc test, 
p<0.05) between years in abandoned (a) and cut plots (b), and between treatments (c) in lower shore 
grasslands. The * indicates significant differences with the previous year in a) and b), and significant 
difference between treatment in c). 
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4.3.3.2 Shannon-Wiener (H’) and Simpson’s (D’) diversity index 
In 2003, the plant community diversity of both abandoned and cut plots was relatively 
similar, which was reflected in the calculated values of Shannon-Wiener (H’cut: 2.134 ± 
0.05 and H’abandoned: 2.157 ± 0.07) and Simpson diversity indices (D’cut: 0.865 ± 0.007 and 
D’abandoned: 0.867 ± 0.008).  Similarities between Shannon-Wiener and Simpson’s diversity 
indices (Figure 4-13 a, b) and species richness trends (Figure 4-12) are clearly observed.  
Both indices showed that abandoned plots had higher species diversity than in the cut plots 
and diversity generally decreased over time.  Comparison between abandoned and cut plots 
showed that the diversity particularly decreased in cut plots, except for in 2006, suggesting 
a negative cutting effect.  
 
Figure 4-13: Shannon-Wiener (a) and Simpson’s (b) diversity index for the abandoned () and the cut 
() plots for 2003-2007 
 
4.3.3.3 Shannon-Wiener (J) and Simpson’s evenness (ED) index 
 
Figure 4-14: Shannon-Wiener (a) and Simpson’s (b) Evenness index for the abandoned () and the cut 
() plots for 2003-2007 
 
Evenness expresses changes in the distribution of abundance within the plant community. 
Although in 2003 cut and abandoned plots had similar evenness values for both Shannon-
wiener and Simpson’s indices (Figure 4-14) and showed comparable trends.  In both 
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treatments, evenness indices were affected from 2003 to 2006, with an important decrease 
in 2005 as a result of the dominance of Juncus gerardii that represented 50% in the 
abandoned and 60% in the cut plots. Higher evenness was then observed in 2006 for both 
treatments and maintained in the abandoned plots. By 2007, results showed that cut plots 
had markedly lower evenness, probably as a result of the dominance of two species, Juncus 
gerardii and Agrostis stolonifera that represented 70% of the vegetation cover, suggesting 
that cutting had a negative effect on evenness.  
 
4.3.4 Annual cover changes in tall grassland 
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Figure 4-15: Detrended Correspondence Analysis diagram of cut and control observations surveyed 
between 2003 and 2007 in tall grassland, based on the mean (n=8) abundance of species and standard 
errors of the mean.  Each point is labelled according to the treatment (Ct= cut and A= Abandoned) and year 
of survey (03 =2003, 04 =2004, 05 =2005, 06 =2006 and 07 =2007). 
 
The DCA ordination performed with tall grassland samples explained 39 % of the total 
variation within the plant community with axis 1 and 2 holding 28% and 11% respectively 
(Figure 4-15).  Results show that both abandoned and cut point scores principally shifted 
along axis 2 and were restricted between standard deviation (s.d) values of 0.4 and 0.6 on 
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axis1.  The cut plot point scores occupy lower scores along axis 1 of the DCA compared to 
the abandoned points.  Commonly all point scores showed extended variation along axis 1, 
with a maximum standard error of the mean of 0.1 s.d and lower variation along axis 2.  In 
2003 and 2004 both abandoned and cut plots were clustered with low scores along axis 2, 
however in 2005 a shift along axis 2 affected both treatment point scores, with greater 
distance for the cut plots.  Similar shifting patterns in the point scores was observed 
between abandoned and cut plots except in 2007, when the cut points increase in score 
along axis 2 whereas the abandoned scores were lowered.  Changes in the graphical 
distribution of these point scores indicate differences in floristic composition between 
years, and the closeness of the abandoned and cut point scores suggest similarities in 
floristic composition between the two treatments.  
 
4.3.4.1 Annual cover changes within abandoned plots 
During the five years of the experiment, a total of five grass species (i.e.  Agrostis 
gigantea, Agrostis stolonifera Festuca arundinacea, Elytrigia repens and Phragmites 
australis), five forb species (i.e. Galeopsis tetrahit, Peucedaneum palustre, Potentilla 
anserina, Sonchus arvense and Trifolium pratense), bare ground, litter and four functional 
groups showed significant differences in their abundance within the abandoned plots 
(Table 4-6).  A. gigantea, A. stolonifera, Galeopsis tetrahit, Peucedaneum palustre, 
Sonchus arvensis and Trifolium pratense had mean abundance cover lower than 5 %, and 
so are not shown on Figure 4-16.  
 
In 2004, the abandoned plots showed significant decreases in abundance for four species 
and bare ground.  Festuca arundinacea was the most affected by this decrease, losing 35% 
of its cover. This perennial grass produces large and often dense tussocks that covered 17.8 
% ± 2.6 and 11.5 % ± 1.5 in 2003 and 2004 respectively (Figure 4-16).  Agrostis 
stolonifera was the only species to show a significant increase between 2003 and 2004 
possibly due to its absence in 2003 and presence in 2004 with an average cover of 1 % ± 
0.33.  Although the mean cover of bare ground in 2003 was 1.25 % ± 0.25 (Figure 4-16), it 
decreased significantly and was only recorded in two quadrats with cover of 1%.  
  
Differences between 2003-2004 2004-2005 2005-2006 2006-2007 
 Variables p-value Variables p-value Variables p-value Variables p-value 
 Bare (-) 0.017 Bare (+) 0.020 Litter (+) 0.000 Potentilla anserina (+) 0.023 
 Agrostis gigantea (-) 0.018 Litter (-) 0.000 Galeopsis tetrahit (-) 0.049 Trifolium pratense (-) 0.019 
 Agrostis stolonifera (+) 0.002 Agrostis gigantea (+) 0.003 Total grass 0.033   
 Festuca arundinacea (-) 0.047 Elytrigia repens (-) 0.045 Monocotyledons (-) 0.047   
 Sonchus arvensis (-) 0.019 Phragmites australis (+) 0.040 Perennials (-) 0.002   
 Peucedeneum palustre (-) 0.043 Total grass (+) 0.021     
 Annuals (-) 0.014 Monocotyledons (+) 0.028     
   Perennials (+) 0.035     
   Species richness (+) 0.000     
Table 4-6: Plant community variables showing significant differences (p <0.05) within the abandoned plots for each year from 2003-2007 in the tall grassland 
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In 2005, litter and Elytrigia repens significantly decreased in abundance whereas bare 
ground, Agrostis gigantea and Phragmites australis significantly increased (Figure 4-16 
and Table 4-6).  E. repens was the third commonest grass species represented in the 
abandoned plots; it covered an average of 11.6 % ± 3.4 in 2004 and decreased to reach 
values of 5.4 % ± 1.3 in 2005.  This 50 % decrease is the most significant observed for a 
plant species during the five years of the experiment (Figure 4-16).  Litter also showed a 
highly significant difference (p<0.001) between 2004 and 2005, with a mean litter cover of 
14.6 % ± 1.7 in 2004 and 3.4 % ± 0.5 in 2005. In contrast to a decrease of litter cover, bare 
ground increased significantly covering in average 5 % ± 1.1 with a maximum cover 
recorded of 11 %.  Agrostis gigantea was recorded in 75 % of the quadrats and had a 
maximum cover of 12 %, however the average cover was 3.3 % ± 1.3.  P.australis 
represented a mean cover of 15 % in 2003 and decreased slightly in 2004 to 13 % ± 2.5 
and then increased to reach a mean cover of 17 % ± 2.1 in 2005 with a maximum recorded 
cover of 25 % (Figure 4-16). 
 
Results for 2006 showed few significant changes (Table 4-6).  Litter increased by 70% 
compared to 2005 and reached mean cover values similar to 2003 (i.e. litter2003=10.13 %± 
1.63 and litter2006= 11.38 % ± 6.13) and was significantly higher than in 2005 (Figure 
4-16). In contrast, Galeopsis tetrahit, an annual forb, was absent from all quadrats in 2006, 
which explains the significant result (Table 4-6). 
 
Potentilla anserina and Trifolium pratense are the only two species showing significant 
differences between 2006 and 2007 (Table 4-6).  P. anserina showed relatively stable 
cover from 2003 to 2005. In 2006, its abundance decreased to reach a mean cover of 2.5 % 
± 0.3, which almost doubled the following year when the maximum cover recorded was of 
7 %.  T. pratense also showed significant differences between 2006 and 2007, as the 
presence of this common grassland forb was halved in 2007.  
 
During the five years, plant communities of abandoned plots experienced yearly significant 
changes in their composition and abundance.  However, by 2007, bare ground, Festuca 
arundinacea and Phragmites australis had increased in abundance overall, with bare 
ground showing a 70 % increase between 2003 and 2007.  Litter and Potentilla anserina 
had yearly fluctuations but their mean abundance remained relatively similar to the value 
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initially recorded in 2003.  Finally, Elytrigia repens was the only species showing a 
decrease in abundance, even though this grass seemed to recover from its decrease in 2005. 
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Figure 4-16: Mean (n=8, ± SE) percentage cover of species with significant differences (GLM, LSD 
post hoc, p-value<0.05) between years in tall grassland abandoned plots. The * indicates levels of 
significant differences with the previous year differences with * < 0.05, **< 0.01 and ***< 0.001. The 
species are labelled with the abbreviated names listed in Appendix A. 
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Results also showed significant differences in cover within functional groups, mainly 
annuals/perennial, monocotyledons and grasses (Table 4-6 and Figure 4-16).  Tall 
grasslands are mainly composed of grass species, which represented more than 50 % of the 
quadrat area.  Up to twelve different grass species were identified with Phragmites 
australis, Festuca arundinacea, Elytrigia repens and Festuca rubra the main four species 
representing 90 % of the total grass cover.  Between 2004 and 2005 a significant increase 
was observed in the grass cover, probably in relation to the significant increase of P. 
australis as well as F. arundinacea and F. rubra.  An important decline in F. rubra 
abundance in 2006 resulted in a general decrease in grass cover, which explained the 
significant result (Table 4-6).  Monocotyledons are mainly represented by grass species 
with the addition of sedge and rush species, which were not abundant, hence the similar 
results between grass and monocotyledons (Figure 4-16).  Finally perennials composed 
around 80% of the tall grassland plant community, and significant changes were observed 
in 2005 and 2006, possibly as a consequence of changes in litter abundance.  Annuals 
represented less than 4 % mean cover and suffered from a significant decrease in 2004, 
possibly in relation to low bare ground cover, leaving perennials and litter dominant. 
 
4.3.4.2 Annual cover changes within cut plots 
Significant changes in 14 species, bare ground, litter and three functional groups occurred 
on the cut plots in the five years of the experiment (GLM, LSD post hoc, p<0.05) (Table 
4-7).  Between 2003 and 2004, four of these species showed significant changes. Elytrigia 
repens, Phragmites australis and Vicia cracca decreased in abundance whereas 
Helictotrichon pubescens showed a positive increase as it was only identified in 2004 and 
2007, with a mean cover less than 1 %.  P. australis and E. repens were the two species 
most affected in 2004.  The mean abundance of P.australis was reduced from 13.2 % ± 2.4 
in 2003 to 5.5 % ± 1.7 in 2005, which represents a 58 % decrease in abundance (Figure 
4-17).  The cover of E.repens was severely diminished from 14.6 % ± 4.04 to 8.3 % ± 3.2, 
which is a 44 % decrease within one year (Figure 4-17). Vicia cracca, the third most 
abundant forb species in the cut plots, also showed significant changes in abundance 
between 2003 and 2004 and had a mean cover of 1.8 % ± 0.4 in 2004 (Figure 4-17).  
 
 Difference 
between 2003-2004 2004-2005 2005-2006 2006-2007 
 Variables p-value Variables p-
value Variables p-value Variables 
p-
value 
 Elytrigia repens (-) 0.039 Bare (+) 0.004 Litter (+) 0.003 Litter (-) 0.015 
 Phragmites australis (-) 0.010 Litter (-) 0.000 Moss (-) 0.016 Moss (+) 0.048 
 Vicia cracca (-) 0.006 Moss (+) 0.024 Festuca rubra (-) 0.006 Festuca rubra (+) 0.000 
 Helictotrichon pubescens (+) 0.024 Agrostis gigantea (+) 0.002 Phragmites australis (+) 0.006 Molinia caerulea (-) 0.016 
 Species richness (+) 0.024 Elytrigia repens (-) 0.012 Galium uliginosum (-) 0.049 Valeriana officinalis (-) 0.009 
   Festuca rubra (+) 0.004 Rumex crispus (+) 0.049 Linaria vulgaris (-) 0.031 
   Phragmites australis (+) 0.010 Cerastium fontanum (-) 0.048 Rumex acetosa (+) 0.031 
   Helictotrichon pubescens(-) 0.024 Total rushes (+) 0.049 Species richness (-) 0.044 
   Galium palustre (+) 0.044   Monocotyledons (+) 0.045 
   Linaria vulgaris (-) 0.023   Perennials (+) 0.025 
   Species richness (+) 0.011     
   Perennials (+) 0.033     
Table 4-7: Plant community variables showing significant differences (p <0.05) within the cut plots for each year from 2003-2007 in tall grassland 
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Results showed that between 2004 and 2005 the numbers of significant changes increased.  
Bare ground, moss, Agrostis gigantea, Festuca rubra, Phragmites australis, Galium 
palustre and perennials increased in cover, whilst litter, Elytrigia repens, Helictotrichon 
pubescens and Linaria vulgaris decreased (Table 4-7).  E. repens reached its lowest level 
and had a mean cover of 1.5% ±0.3, giving a 90% decrease since 2003 (Figure 4-17).  
Litter was also recorded in low abundance (1.75 % ±0.25), possibly resulting in an increase 
of bare ground that was estimated at 7 % ± 1.7 (Figure 4-17).  Festuca rubra also seemed 
to have benefited from lower litter cover as it doubled its abundance and had a mean cover 
of 22.9 % ± 2.3 in 2005, dominating the vegetation with Festuca arundinacea. P.australis 
increased from 5.5 % ±1.7 to 8.9 % ± 2.7, making this grass the third most abundant 
species. 
 
P.australis abundance continued to increase in 2006, exceeding its mean abundance of 
2003 (Figure 4-17).  In addition, litter abundance was also positively affected whilst 
Festuca rubra decreased in mean cover. Forbs such as Rumex crispus, Galium uliginosum 
and Cerastium fontanum represented less than 1% in mean cover but fluctuated in 
frequency, which could explain the significant differences (Table 4-7). 
 
Finally, in 2007, litter decreased in abundance whereas Festuca rubra increased to reach 
its maximum mean cover of 22.8 % ± 0.9 (Figure 4-17 and Table 4-7).  F. rubra was the 
dominant species in the cut plots followed by Festuca arundinacea.  Valeriana officinalis 
is one of the characteristic forbs of such a plant community but declined over the course of 
the experiment and had a mean abundance ranging from 3.4 % ±0.7 in 2003 to 0.8 % ± 0.3 
in 2007.  Molinia caerulea, Linaria vulgaris and Rumex acetosa had mean abundance 
lower than 1%, nonetheless their frequency fluctuated between the years, which explains 
the significant results (Table 4-7).  
 
Perennials, monocotyledons and total rushes were the only three functional groups 
showing significant differences during the experiment.  Perennials dominated the plant 
community and had significant differences between 2004-2005 and 2006-2007, when it 
increased.  Similarly, monocotyledons increased over the experimental period to reach a 
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maximum value in 2007 of 67.2 % ± 3.6. Rushes were only identified in 2006 and 2007, 
which explains the results of Table 4-7. 
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Figure 4-17: Mean (n=8, ± SE) percentage cover of species with significant differences (GLM, LSD 
post hoc, p-value<0.05) between years in tall grassland cut plots. The * indicates levels of significant 
differences with the previous year with * < 0.05, **< 0.01 and ***< 0.001. The species are labelled with the 
abbreviated names listed in Appendix A. 
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4.3.4.3 Annual cover changes between treatments 
There were significant differences in abundance between abandoned and cut plots (GLM, 
LSD post hoc, p-value<0.05) for a total of eight variables, all of which occurred in 2004, 
2005 and 2007 (Table 4-8).  No significant differences in these species abundance were 
observed at the start of the experiment in 2003 between cut and abandoned plots, and 
interestingly similar trends were detected. 
 
Changes in litter abundance were similar in both treatments from 2003 to 2006, albeit with 
higher mean cover in abandoned plots than cut plots.  A substantial decrease was observed 
in 2005 in both treatments, when litter reached its lowest cover with 3.4 % ± 0.5 and 1.8 % 
±0.25 in the abandoned and cut plots respectively (Figure 4-18).  Strong storms occurred in 
2005, suggesting that litter may have been washed away from these quadrats resulting in 
lower abundance.  The following year litter increased more in the abandoned plots than in 
the cut plots and by 2007 the difference was significant.  Over the course of the 
experiment, litter abundance fluctuated but decreased in the cut plots, suggesting a cutting 
effect. 
 
2004 2005 2007 
Variables p-
value 
Variables p-
value 
Variables p-
value 
Phragmites australis 
(A>Ct) 
 
0.017 
Litter (A>Ct) 0.009 Litter (A>Ct) 0.006 
Festuca arundinacea 
(Ct>A) 
 
0.008 
Phragmites australis (A>Ct) 0.006 Valeriana officinalis 
(A>Ct) 
 
0.030 
  Elytrigia repens (A>Ct) 0.010 Festuca rubra (Ct>A) 0.000 
  Peucedaneum palustre 
(Ct>A) 
 
0.028 
Perennials (Ct>A) 0.037 
Table 4-8: Plant community variables showing significant differences (p<0.05) in % cover between 
Abandoned (A) and Cut (Ct) plots per year in tall grassland. There were no significant differences in 
2003 and 2006 
 
Elytrigia repens and Phragmites australis were well represented within the quadrats in 
2003.  During the five years of the experiment, both species had higher abundance in the 
control plots and P. australis cover remained relatively stable between 15 % and 18 %, 
whilst E.repens decreased till 2005 then recovered (Figure 4-18).  The cut plots displayed 
significantly less cover of E.repens, in 2005 indicating a cutting effect.  Results in 2004 
and 2005 show that cut plots had significantly lower abundance in P.australis, suggesting 
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an immediate response to reinstated cutting in 2003.  P. australis subsequently increased in 
mean cover in the cut plots but still remained lower by 2007.  
 
 
Figure 4-18: Mean (n=8, ± SE) abundance of species with significant differences (GLM, LSD post hoc, 
p-value<0.05) in tall grass between abandoned () and cut plots () for 2003-2007.  The * indicates 
significant differences between the control and cut treatment with * < 0.05, **< 0.01 and ***< 0.001. The 
species are labelled with the abbreviated names listed in Appendix A. Note the different axis scales.  
 
Festuca arundinacea, Festuca rubra and Peucedanum palustre had higher percentage 
cover in cut plots, which increased between 2003 and 2007, suggesting a positive effect of 
cutting (Figure 4-18).  F. arundinacea showed a positive response the year that followed 
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reinstating cutting. As a result its abundance increased by 20 % such that it represented 45 
% of the grasses.  This increase coincided with the decline of P.australis and E.repens.  
Between 2005 and 2007, F. arundinacea had similar cover in abandoned and cut plots 
maintained around 20 % (Figure 4-18).  
  
Festuca rubra, a thin thread-like grass species, was the fourth most common species in tall 
grasslands with mean cover ranging between 9.2 % ± 2.1 and10.9 % ± 1.9 in the 
abandoned and cut plots in 2003 (Figure 4-18).  In 2005, a small peak of F. rubra was 
observed possibly in relation to the strong decrease of litter that same year, which may 
have allowed this grass to expand.  Highly significant differences were observed in 
2007(Table 4-8 and Figure 4-18), where F. rubra had a mean abundance of 22.9 % ±0.9 in 
the cut plots and 11 % ±1.5 in the abandoned plots, suggesting that cutting had a positive 
effect on this grass abundance. 
 
Peucedanum palustre, a small forb species, seemed to have benefited from cutting 
management as its abundance increased over the course of the experiment in the cut plots, 
with a maximum abundance in 2006 of 3 % ± 0.6 (Figure 4-18).  Although abandoned 
plots showed higher mean abundance of P. palustre in 2003, a decrease occurred in 2004 
and after that the species was recorded in lower quantity in the control plots.  In 2005, a 
significant difference was observed between cut and abandoned plots (Table 4-8 and 
Figure 4-18), also coinciding with lower abundance of litter, and tall grass species such as 
Elytrigia repens and Phragmites australis. 
 
Valeriana officinalis, a characteristic forb of tall grassland, was the most dominant forb 
within the quadrats.  A general decreasing trend was observed between 2003 and 2007 in 
both abandoned and cut plots, although abandoned plots presented higher mean cover 
during the experiment.  Results showed that in 2007 a significant difference occurred 
between abandoned and cut plots, where the mean abundance of Valeriana officinalis 
declined to 0.9 % ± 0.3 in the cut plots as well as its frequency (Cut2003: 100%, 
Cut2007:50%).  In contrast, Valeriana officinalis was recorded in all the abandoned quadrats 
throughout the experiment. 
 
During the five years of the experiment, tall grassland showed fluctuations in species 
abundance within treatments, suggesting that this habitat is dynamic naturally. However, 
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reinstating cutting did show some significant effects by promoting several species or 
negatively affecting others.  
 
4.3.5 Above-ground biomass in tall grassland 
Tall grass above-ground biomass was sampled in abandoned plots in 2003 and 2007 and in 
cut plots in 2007.  Tall grassland was a productive grassland with a mean biomass in 2003 
of 650.3 g.m-2 ± 80.5 and a maximum recorded biomass of 809.3 g.m-2 (Table 4-9).  The 
greatest proportion of the biomass was composed of grass species (Figure 4-19), 
representing 65 % of the sample and distributed between five species: Elytrigia repens, 
Phragmites australis, Festuca arundinacea, Festuca rubra and Molina caerulea.  E. 
repens and P. australis represented the highest proportion with means of 28.9 % ± 3.2 and 
14.2 % ± 4.1 respectively.  Litter was in high proportion, probably as a result of long term 
abandonment representing more than 20 % of the biomass (Figure 4-19).  The rest of the 
biomass was composed of forb species, which only accounted for 12.4 % ± 2.3 of the total 
biomass (Figure 4-19), but held most of the diversity with a maximum species richness of 
15 forb species, of which Achillea millefolium and Potentilla anserina were the most 
frequent and productive.  
 
Year Treatment Mean ± SE (g.m-²) Min (g.m-²) Max (g.m-²) Species richness 
2003 Abandoned  650.3 ± 80.5 454.9 809.3 10.8 ± 1.1 
2007 Abandoned 574.1 ± 108.3 366.2 960.5 10.6 ± 0.3 
2007 Cut  223.5 ± 35.5 131.5 348.1 11.0 ± 1.1 
Table 4-9: Means (n=5), Standard Errors, minima and maxima of total biomass sampled in 2003 and 
2007 
 
In 2007, abandoned plots showed similar total above-ground biomass to 2003 biomass 
with a mean of 574.1 g.m-2 ± 108.3.  The maximum biomass was 960.5 g.m-2, which was 
higher than in 2003.  Grass species represented more than 80 % (Figure 4-19), including 
Festuca arundinacea, which represented about 50% of the total biomass.  Litter was 
reduced as well as forb biomass compared to the abandoned 2003 samples.  Ten forb 
species were identified within the five biomass samples and Potentilla anserina and 
Galium verum were the most frequent and productive species.  
Biomass sampled in the cut plots in 2007 had a significantly different total biomass 
compared to the abandoned plots in 2007 (T-test: 3.08, p-value: 0.037) with a mean value 
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of 223.5 g.m-2 ± 35.5 (Table 4-9), approximately half the biomass sampled in the control 
2007 plots.  The eight grass species represented 70% of the total biomass, of which F. 
arundinacea, Elytrigia repens and P. australis dominated. Forb species accounted for 18.9 
% ± 7.9 of the total biomass in the cut plots (Figure 4-19) distributed across eleven species. 
The most productive were Trifolium pratense (7 % ± 5.8), Achillea millefolium (4.7 % ± 
3.5) and Potentilla anserina (3.8 % ± 1.3). 
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Figure 4-19: Functional groups proportion in tall grass biomass samples in 2003 and 2007.  
 
Over the course of the experiment, only three variables showed significant differences in 
their representative biomass, namely litter, Festuca arundinacea and Perennials.  In 2003, 
litter represented over 20% of the total biomass, and this figure decreased significantly in 
2007 under both abandoned and cut plots (Figure 4-20).  F. arundinacea had significantly 
greater biomass in 2007, in both abandoned and cut plots compared to the 2003 results. 
Perennials significantly  increased by 2007 in both cut and abandoned plots.  
 
Mean species richness in each biomass treatment was relatively similar ranging between 
10.6 and 11 species (Table 4-9) and no correlation was revealed between species richness 
and total weighed biomass (Figure 4-21).  
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Figure 4-20: Mean (n=5, ± SE) percentage biomass of variables greater than 5 % with significant 
differences (Anova 1-way, LSD post hoc, p-value=0.05) between abandoned (A) and cut (C) in 2003 
(03) and 2007 (07) in tall grasslands. Different letters indicate significant differences. The species are 
labelled with the abbreviated names listed in Appendix A. 
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Figure 4-21: Production against species richness in tall grass grassland.  The plain black dots indicate the 
abandoned 2003 values, the grey dots the abandoned 2007 values, and the empty dots the cut 2007 values.  
(Pearson value:-0.312; p-value: 0.257). 
0
10
20
30
40
50
60
70
80
90
100
A03 A07 C07
Litter
M
ea
n
 
%
 
bi
o
m
as
s
b
a
b
b
0
10
20
30
40
50
60
70
80
90
100
A03 A07 C07
Fest arun
M
ea
n
 
%
 
bi
o
m
as
s
a
ab
b
0
10
20
30
40
50
60
70
80
90
100
A03 A07 C07
Perennial
M
ea
n
 
%
 
bi
o
m
as
s
a
bb
Chapter 4 Hosby   119 
 
4.3.6 Diversity in tall grassland 
4.3.6.1 Species richness 
Results showed that average species richness in tall grasslands ranged from 13.1 ± 1.1 and 
17.3 ± 1.5 in the abandoned plots and 15 ± 0.9 and 18.9 ± 1.5 in the cut plots (Figure 4-22).  
Annual variations in species richness were observed within each treatment (Figure 4-22).  
The abandoned plots only showed one significant difference in mean species richness 
between 2004 and 2005, when the mean species richness increased from 14.4 ± 1.5 to 17.3 
± 1.5.  In contrast, cut plots experienced several significant changes over the course of the 
experiment. Between 2003 and 2005, mean species richness increased significantly to 
reach a maximum in 2005. By 2007, species richness decreased and its value was similar 
to 2003 (Figure 4-22).   
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Figure 4-22: Mean (n=8, ± SE) species richness and significant differences (GLM, LSD post hoc test, 
p<0.05) between years in abandoned (a) and cut plots (b) in tall grasslands. The * indicates significant 
differences with the previous year in a) and b). 
 
No significant differences were observed in species richness between cut and control plots. 
In both treatments, the mean species richness fluctuated over the time of the experiment 
and both increased between 2003 and 2005 then decreased until 2007. 
 
4.3.6.2 Shannon-Wiener (H’) and Simpson’s (D’) diversity index 
During the five years of the experiment both abandoned and cut plots had variations in 
Shannon-Wiener and Simpson’s diversity index scores (Figure 4-23). In 2003 the cut plots 
had higher Shannon-Wiener diversity than the abandoned plots (H’cut= 2.546 and H’control= 
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2.418).  Results showed that the index scores increased between 2003 and 2006 and had 
lower values in 2007.  Similarly, cut plots had higher Simpson’s diversity index values 
than abandoned plots during the five years and the index value increased between 2003 and 
2006, reaching a maximum of D’abandoned: 0.913 and D’cut: 0.927. Over the course of the 
experiment cut plot maintained higher diversity values than control plots, suggesting that 
cutting did not lower the diversity. 
 
Figure 4-23: Mean (n=8, ± SE) Shannon-Wiener (a) and Simpson’s (b) diversity index for the 
abandoned () and the cut () plots for 2003-2007 
4.3.6.3 Shannon-Wiener (J) and Simpson’s evenness (ED) index 
 
Figure 4-24: Mean (n=8, ± SE) Shannon-Wiener (a) and Simpson’s (b) Evenness index for the 
abandoned () and the cut () plots for 2003-2007 
 
Although no significant differences were observed between abandoned and cut plots in 
2003, abandoned plots showed higher scores for Shannon-Wiener (Jabandoned: 0.947 and Jcut: 
0.944) and Simpson’s evenness (EDabandoned: 0.783 and EDcut: 0.757 and) indices than in cut 
plots, suggesting an even distribution of abundance within the plant community (Figure 
4-24).  Shannon-Wiener evenness index scores fluctuated in both treatments, with cut plots 
showed lower evenness values except in 2005.  Simpson’s evenness index scores 
decreased between 2003 and 2007 to reach values of EDabandoned: 0.716 and EDcut: 0.709 in 
2007.  The increase in dominance of Festuca arundinacea and Festuca rubra, which 
represented 50 % of the vegetation cover in the cut plots by 2007, could explain the lower 
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evenness values obtained. In abandoned plots, Festuca arundinacea and Phragmites 
australis increased in abundance and represented 42 % of the total vegetation cover in 
2007, dominating the plant community and resulting in lower evenness values  
 
4.4 Discussion 
4.4.1 Responses to cutting in lower shore grassland 
Many species and functional groups showed yearly fluctuations within the abandoned 
lower shore grassland during the five-year experimental period, demonstrating the dynamic 
nature the community and suggesting it was influenced by environmental factors.  As 
documented by Klötzli and Grootjans (2001), changes often affect plant communities in 
permanent plots due to changes in environmental conditions.  During the course of this 
study lower shore grasslands were frequently inundated for several weeks with mean water 
heights ranging between 15 and 20 cm during the summer (pers.obs).  Hydrological 
changes not only affect the distribution of plant species (Leyer, 2005) but also the 
emergence and establishment of seedlings (Peterson and Baldwin, 2004), which 
consequently modify the composition of the plant community and could explain the 
fluctuations in the abundance of plant species through time.   
 
The disappearance of bare ground patches and the accumulation of litter is commonly 
related to management cessation (Bakker, 1998, MacDonald et al., 2000, Pavlů et al., 
2005) and one of the main consequence of long-term abandonment is the decrease of bare 
patches and “regeneration niches” (Grubb, 1977).  Thus, the implementation of 
management practices such as  grazing and cutting  is usually associated with the creation 
of gaps within the sward and a decrease of litter cover through removal of above ground 
biomass (Fossati and Pautou, 1989).  Bare ground cover significantly increased in cut plots 
although a slight increase was recorded within the abandoned plots, suggesting that 
additional environmental factors impinged on the plant community, such as prolonged 
period of flooding, which may also create gaps within the sward.  Litter cover was 
negatively impacted in cut plots by the end of the experiment, corroborating findings from 
Persson (1984) and Bakker (1989) who noted the decrease of litter on following cutting on 
former abandoned grasslands. However the effect of cutting was not immediate as 
fluctuations in litter abundance were observed between 2004 and 2006 within the cut plots.  
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Similar patterns in the abundance of Festuca rubra, Potentilla anserina, Triglochin 
maritima and Eleocharis palustris were observed under both treatments, all of which 
decreased over the course of the experiment.  These four species have been categorized by 
Grime et al.(1992) as Competitive-Stress tolerating-Ruderal strategists (C-S-R).  The 
moderate levels of disturbance and stress within the habitat helps to maintain low levels of 
competition between the plant species, which is suitable for C-S-R species. The perennial 
and small- statured grass (i.e. Festuca rubra), the small rhizomatous rush (i.e. Eleocharis 
palustris) and the rosette life-form for the two forb species (i.e. Potentilla anserina, 
Triglochin maritima) are characteristic of C-S-R strategist (Grime, 1979).  The continuous 
decline in abundance of these species over the course of the experiment demonstrates, in 
particular in the abandoned plots (i.e. where no additional disturbance was applied), that an 
increase in levels of stress or disturbance occurred, causing the decrease of these species. 
 
Changes in the composition of the plant community in both treatments were not reflected 
in the above ground production in the abandoned plots, whereas the cut plots showed 
significantly lower biomass by the end of the experiment.  Abandoned samples had higher 
abundance of grass species with productive species such as Phragmites australis and 
Festuca rubra (representing 36 % of the total biomass), whilst Juncus gerardii, a less 
productive species, accounted for 50 % of the cut biomass samples.  Such results are in 
accordance with Köster and Kauer (2004) who revealed the low productivity of J.gerardii 
grasslands (6.3 g.m-²) compared to F. rubra communities (330 g.m-²) in coastal semi-
natural grasslands of Estonia.  Cutting had significant effect on the plant composition, 
resulting in a shift from a grass-dominant vegetation to a rush-dominant community 
associated with lower production.  
 
Species richness decreased in both treatments but remained higher in the cut plots, except 
for 2006.  A decline in small-scale species richness following management cessation has 
been recorded in numerous studies (Bouchard et al., 2003, Bunce, 1989, Pavlů et al., 2005, 
Persson, 1984, Rosset et al., 2001) and Bakker et al. (2002) established the positive impact 
of cutting upon species richness in a long-term study (i.e. 25 years).  Time since 
management restoration is one of the most important factors impinging on species 
richness, as demonstrated by Lindborg and Eriksson (2004) and Bakker et al. (2002), 
where a positive relationship existed between the time since restoration and species 
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richness. However, the positive impact on species richness in these studies was revealed 
after 5-10 years of management restoration, whereas results obtained in this study were 
over five years, which could be considered too short to detect any positive response upon 
species richness.   
 
4.4.2 Responses to cutting in tall grassland 
Few significant changes were observed within the composition of tall grassland at the end 
of the experiment, as only litter, Festuca rubra and Valeriana officinalis showed 
significant differences between cut and abandoned plots in 2007.  However, during the 
experiment, some species showed significant differences between treatments.  The 
abundance of Festuca arundinacea and Peucedanum palustre increased in the cut plots 
compared to the abandoned plots between 2004-2005 and the cover of Phragmites 
australis and Elytrigia repens was reduced in the cut plots in 2004-2005, suggesting short 
term effects of cutting on these four species.  
 
Festuca arundinacea showed an immediate significant response to cutting in 2004 and had 
higher abundance in the cut plots compared to the abandoned plots over the five years of 
the study.  This hemicryptophyte grass species is a stress-tolerant ruderal adapted to low 
levels of disturbance (Grime et al., 1992), which produces new tillers and overwintering 
leaves in the late summer to autumn (Gibson and Newman, 2001).  Thus, the removal of 
tall vegetation and litter through cutting in July 2003 may have triggered the germination 
of the short-lives transient seeds (Grime et al., 1988) and the production of new tillers, 
resulting in an increase of F.arundinacea in 2004.  However, the effect of cutting on the 
abundance of F. arundinacea was short-lived and relatively similar mean abundances were 
recorded under both treatments by 2007.  As documented by Gibson and Newman (2001), 
F. arundinacea is sensitive to competition by other grass species such as Festuca rubra or 
P. australis.   
 
Festuca rubra, the second most abundant grass species, showed a positive response to 
cutting when its mean cover increased in the cut plots in 2007.  Although the colonisation 
rate of F. rubra is relatively slow compared to fast-growing and competitive species 
(Grime et al., 1992), this species may have benefitted from the decrease of litter, Elytrigia 
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repens and P. australis, which reduced competitive exclusion and allowed F.rubra to 
increase by 2007. 
Results showed that cutting significantly reduced the above ground biomass.  Cut plots 
were characterized by a high abundance of F. arundinacea, the least productive of 
agricultural grasses (Gibson and Newman, 2001), and F. rubra, combined with a low 
proportion of productive grasses such as P. australis and E. repens.  Bakker et al. (2002) 
also concluded that annual cutting decreased the yield when restoration of agricultural 
grasslands are undertaken.  
 
Litter significantly decreased under cutting management from 2005 onwards, which is 
consistent with previous restoration studies (Bakker, 1989, Persson, 1984). Above-ground 
biomass was also significantly decreased by cutting, which combined to a decrease in litter 
cover, seemed to favour species such as Peucedanum palustre. This species is a biennial or 
a perennial (Meredith and Grubb, 1993), although its ecology on Estonian coastal wet 
grasslands is most likely that of a biennial. This species is commonly found in low-lying 
habitats and is able to survive long anoxic conditions as well as dry soils (Meredith and 
Grubb, 1993). Results showed that P.palustre benefitted from cutting by showing a 
significantly higher mean cover in the cut plots compared to the control plots. These 
findings are in contradiction to previous observations by Godwin (1941) who underlined 
the decline of this herb in plots cut annually compared to plots cut every four years.  In this 
study, the decrease of litter, E.repens and P.australis through cutting, could explain the 
strong establishment of this forb species, as it is sensitive to competition (Meredith and 
Grubb, 1993). 
 
4.4.3 Effects of cutting on species-poor and species-rich plant  
The implementation of cutting led to greater changes in abundance and composition in the 
species-poor lower shore grasslands compared to the species-rich tall grassland.  Nine 
variables were impacted by cutting in lower shore grassland (i.e. bare ground, litter, 
Agrostis stolonifera, Festuca rubra, Potentilla anserina, Total grass cover, Total 
Dicotyledons, Species richness and Total biomass) compared to only five in the tall 
grassland (i.e. litter, Festuca rubra, Valeriana officinalis, Total perennials and Total 
biomass).  Such changes in the composition of the plant community influenced both the 
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above ground production and species diversity in both types of wet grasslands (i.e. species-
poor and species-rich).   
 
Grime (1979) suggests that plant productivity in species poor communities are ruled by 
disturbance and stress levels whereas dominance is the main constraining factor in species-
rich communities.  Significant changes between the first and last year were monitored in 
the above-ground biomass for both communities, which were greater in the species-poor 
wet grassland (i.e. above-ground productivity decreased by 74 %) than in the species-rich 
(decrease of 61 %).  As noted in other studies, a strong correlation exists between low 
species richness and low above-ground productivity (Grace and Jutila, 1999, Hector et al., 
1999, Tilman et al., 2001), which accords with the results from the species-poor 
community in this experiment.  Contrarily, in the species-rich community no correlation 
existed between species richness and production and, although the above ground biomass 
decreased under the cutting regime, no significant changes in species richness could be 
assigned to management.  A decrease in diversity is usually accompanied by a decline in 
the resistance and resilience of the ecosystem (Tilman and Downing, 1994), lowering the 
stability of the plant community against increasing levels of disturbance.   
 
Figure 4-25: Relationship between above-ground biomass and species richness in Lower shore (LS) 
and Tall Grassland (TG) per treatment (Ab=abandoned and Ct=cut) and year (03=2003 and 07=2007) 
 
The relationship between the above ground biomass and species richness in both lower 
shore and tall grass communities showed a relationship (Figure 4-25) that is comparable to 
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the hump-shaped pattern described by Grime (1979) and Guo and Wade (1998) (Figure 4-
2).  The application of cutting resulted in lower above-ground biomass values and species 
richness in lower shore grassland compared to the cut tall grassland community, whereas 
the abandoned tall grassland still maintained high biomass values and species richness. 
Grime’s (1979) model (Figure 4-3) correlates higher levels of stress and disturbance with a 
decrease in biomass and species richness. Therefore, it is possible to suggest that cutting 
increased the level of disturbance and / or stress above a threshold that affected plant 
species abundance, species richness and production in the species-poor wet grassland, 
whilst tall grassland was more resistant and species diversity was maintained throughout 
the study.  These results are consistent with previous findings by Tilman (1999) that 
species-poor communities show low productivity and are less stable to increasing levels of 
stress or disturbance compared to species-rich communities, as there is more likelihood 
that some species in diverse communities are able to compensate for the reduction of 
competitors caused by disturbance. 
 
Species-poor grasslands were more dynamic and showed greater impact to cutting 
management than species-rich grassland.  Species sensitive to high disturbance or stress 
levels (e.g. Festuca rubra) were negatively affected in the species poor grassland whilst 
favoured in the tall grassland, suggesting that cutting increased the stress levels already 
influencing lower shore grassland.  The differential response of the two communities to 
cutting is possibly due to differences in competitive relationships and the background 
environmental factors (e.g. water table or flooding) (See Chapter 3).  The shift in the type 
of plant community observed in the cut lower shore grassland from a grass to a rush-
dominated community suggest that cutting increased the impact of the periodic floods and 
high water levels observed on-site (See in Chapter 3: Figures 3-11), implying that 
management restoration augmented the hydrological dynamic of lower-shore grassland 
community, beneficial to flood-tolerant species such as Juncus gerardii and Agrostis 
stolonifera (Gray and Scott, 1977, van Eck et al., 2004).   
 
4.5 Conclusion  
The study has shown that lower shore and tall grassland plant communities are naturally 
dynamic and cutting management generated different responses depending on the 
resilience of the plant community.  Changes in plant community cover and above-ground 
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biomass were greater in the species-poor community (lower shore grassland) than in 
species-rich tall grassland.  This may have been because the few species in lower shore 
grassland were less sensitive to the levels of stress / disturbance caused by the flooding and 
fluctuating ground water table, which impact were augmented under cutting management.  
 
Cutting reduced the dominance of competitive species in tall grassland, such as Phragmites 
australis and Elytrigia repens (in the short-term), to the advantage of typical tall grassland 
species such as Festuca arundinacea, Festuca rubra, Agrostis sp. and Peucedaneum 
palustre.  In lower shore grassland, cutting seemed to add to the stress and disturbance 
levels caused by background hydrology, which proved to be detrimental to flood-sensitive 
species (i.e. Festuca rubra, Potentilla anserina) and beneficial to flood-tolerant species 
(i.e. Juncus gerardii, Agrostis stolonifera).   
 
The study indicated the strong influence of environmental conditions in the establishment 
of the plant species of these habitats particularly in relation to water levels. The relatively 
few changes that could be directly attributed to cutting demonstrated that restoration of 
coastal wet grasslands may be a slow process, in particular in tall grassland.  An 
experiment was therefore conducted to investigate the plant composition changes 
following grazing abandonment and also to compare the effectiveness of grazing versus 
cutting practices in restoring coastal grasslands. The next chapter describes this 
experiment. 
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5 Succession in coastal wet grasslands and responses to changes in 
management  
5.1 Introduction 
Nature management of semi-natural habitats is commonly based on an interventionist 
approach that implies continuous management, commonly using extensive grazing or 
mowing.  These management practices arrest succession and maintain the habitat at a 
“plagioclimax” (Duffey et al., 1974) and has been shown to link these semi-natural 
habitats with high biodiversity (Benstead et al.1999).  As a result of land management 
cessation, later successional stages have been observed to develop in previous studies 
(Bunce, 1989, Jensen and Schrautzer, 1999, Kuiters and Slim, 2003).  
 
Pickett and Cadenasso (2005) defined succession as the “changes in botanical composition 
over time or in the three dimensional structure of the plant cover of a specified place 
through time”.  The process of succession depends on the combination and interaction 
between three factors that were categorized by Pickett and McDonnell (1989) as site 
availability, species availability and species performance.  Site availability is dependant on 
the occurrence of disturbance and can be either natural or anthropogenic in origin.  
Disturbance creates openings in the vegetation and the timing (e.g. season) and intensity of 
disturbance affects the amount and quality of the available site on which plant species 
establishment depends on.  In addition, the establishment and occurrence of species during 
succession rely on species availability and the physical presence of the species in the area 
or within the seed bank.  Finally the success of colonisation and establishment of plant 
species depends on the performance of the species, including their life-traits and strategy 
(Pickett and Cadenasso, 2005, Pickett and McDonnell, 1989).  The interaction between all 
of these factors and conditions will generate different succession paths and impact on the 
vegetation dynamics.  
 
In addition to the processes described above, different successional directions are also 
expected in relation to the management applied.  Mitchell et al.(2000) illustrated 
succession under a non interventionist approach, such that the community evolves into 
different sub-seral stages to reach its climax and can then possibly revert to earlier stages 
following die-back (Figure 5-1 a).  The second approach is the interventionist approach, 
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when deliberate management creates disturbance and maintains the plant community at a 
certain succession stage preventing its natural succession, as it is the case for semi-natural 
grasslands (Figure 5-1 b). 
 
 
Figure 5-1: Successional stages in relation to the non-interventionist (a) and the interventionist 
approach (b) over time. S1 to S4 represent the different successional stages (Mitchell et al., 2000). 
 
During succession, ecological processes are altered and competition for space and 
resources become the most important factors and control the composition of the plant 
community through inter and intraspecific relationships (Bazzaz, 1996).  Keddy (2001) 
defined competition as the “negative effects that one organism has upon another by 
consuming, or controlling access to, a resource that is limited in availability”.  Following 
management cessation, many authors have observed and increase in sward height 
(Falińska, 1999, Pavlů et al., 2005, Peco et al., 2005, Poshold et al., 2005) and litter 
accumulation (Facelli and Pickett, 1991, Fossati and Pautou, 1989, Rosset et al., 2001) and 
a decrease in gaps (Pavlů et al., 2005) and germination (Falińska, 1999).  Such effects on 
the above ground conditions directly affect the ecological processes and the relationships 
between plant species, with competition for light and nutrients being the driving factor. 
 
A decline in species richness has been noted across a wide range of habitats from alpine 
grasslands (Pavlů et al., 2005) to wet grasslands (Rosset et al., 2001) when management 
ceases.  As competition and competitive exclusion increases, as experienced by Grace and 
Jutila (1999) in coastal meadows following grazing cessation, annuals and low growing 
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plant species decline.  This is to the advantage of taller species and perennial species, 
generally grass and later woody species, which tend to dominate the vegetation (Harmer et 
al., 2001).  To prevent such changes within the plant community, regular management is 
used as a direct method to arrest succession and alter interspecific competition. 
 
Grazing and cutting are the commonest management methods used on coastal meadows 
and other wet grasslands, and are frequently used in restoration and conservation efforts 
(Van Wieren et al., 1998).  These methods generate disturbance and create variable levels 
of stress within the system which, when combined with abiotic factors will affect the 
relationship between the different plant species by reducing competitive exclusion and 
preventing dominance by relatively few species.  The vegetation sward is similarly 
affected under both grazing and cutting, as the above-ground biomass is removed, 
preventing litter deposition, resulting in less competition for light and a greater production 
of tillers (Bissels et al., 2006).  At a landscape scale low intensity grazing produces a 
mosaic of plant communities due to the grazing micro-patterns as a result of different 
stocking rates and palatability within the area (Bakker, 1989, Gibson and Brown, 1992).  
The appearance of different micro-sites within the vegetation is one of the main results of 
regular grazing as hoof prints open the vegetation and create regeneration niches (Grubb, 
1977), on which annuals particularly depend for seed deposition and germination.  Many 
species have life-traits and life forms adapted to regular grazing, for example, rosette-like 
species such as Leontodon autumnalis, or species using zoochory reproduction paths (e.g. 
Stipa capillata). 
 
Cutting produces similar effects to grazing except that it results in a homogeneous sward 
and is a non selective method.  This could be detrimental to certain species, as the low 
establishment rate observed in some studies (Bakker, 1989, Bissels et al., 2006) suggests 
that unlike grazing, cutting does not favour the production of microsites.  Furthermore, the 
timing and intensity of cutting disturbance are essential factors in the creation of 
regenerations niches. These are important for the maintenance of species richness and 
promoting seed germination (Grubb, 1977). Bissels et al. (2006) revealed that mowing 
twice in May and August, or mowing once is June, was favourable to seedling recruitment 
in many species; when compared to mowing once in September, which did not have the 
same impact on the removal of the above-ground biomass and competitive effects from 
established plants.  
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The aims of this study were to i) compare the effects of different management regimes, 
namely low-intensity grazing and yearly cutting management, ii) to describe short-term 
succession after grazing cessation and iii) examine the effects of cutting management after 
long-term abandonment, in a coastal wet grassland plant community.  Abundance of 
species and functional groups (i.e. annuals and perennials, monocotyledons and 
dicotyledons; grasses, sedges, rushes and forbs) were studied over five years to interpret 
changes in composition and diversity.  Results will offer insight into wet grassland 
community dynamics and have implications for management, restoration and conservation.  
 
5.2 Study site and methodology 
5.2.1 Study area 
This study was located on the north-western coast of Estonia within the protected area of 
Silma Nature Reserve.  The Nature Reserve was created in 1998 and is classified as an 
Important Bird Area (IBA) supporting more than 600 ha of coastal meadows, some of 
which have been continuously managed for the last 20-25 years.  The study sites were 
located in the south-western part of Silma Nature Reserve, in Tahu, which is divided into 
two areas: Tahu North and Tahu South. These two areas differed in their management 
history.  Tahu North had been continuously grazed for the last 21-25 years at medium 
intensity (1-2 LUha-1) but by 2002 the grazing intensity had been reduced to less than 
1Uha-1.  Separated by a fence, Tahu South had been abandoned for the last 21-25 years and 
was unmanaged when the experiment was first set up (Figure 5-2). 
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Figure 5-2: Habitat map of Tahu in Silma Nature Reserve based on the 2002 survey. The habitat types 
are labelled using the Burnside et al. (2007) classification with CS=Club-rush swamp, RS= Reed swamp, 
OP= Open pioneer, LS= Lower shore grassland, US= Upper shore grassland, TG= Tall grass grassland and 
SW=Scrub and woodlands.  A fence separates Tahu North (managed) from Tahu South (abandoned) and  
indicates the Tahu North enclosure and  the Tahu South enclosure. 
 
5.2.2 Methods 
Tahu North and South were first studied in 2002, when a detailed habitat map was 
developed using the Burnside et al. (2007) classification (Figure 5-2).  Two upper shore 
grassland locations were selected using this map and were first surveyed in 2003, namely 
Tahu North (Plate 5-1) and Tahu South (Plate 5-2).   
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Plate 5-1: View of the study site at Tahu North.   
 
 
Plate 5-2: Upper shore grassland at Tahu South. Note the encroachment of Phragmites australis.  
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Upper shore grasslands are characterized by a high abundance of Festuca rubra as 
observed on both sites at the start of the study, where the abundance of F. rubra ranged 
from 45.8 %± 1.5 to 60.8 % ± 4.9 and from 32 % ± 6.9 to 40 % ± 7.6 at Tahu North and 
Tahu South respectively (Table 5-1).  Juncus gerardii was the second most abundant 
species representing between 10.7 % ± 2.3 and 18.7 % ± 3.2 at Tahu North and more than 
20 % at Tahu South.  Bare ground represented less than 1 % on both sites, whereas litter 
was recorded with higher abundance in Tahu South with approximately 15 % compared to 
the continuously grazed area of Tahu North (from 7.2 % ± 1.0 to 11.2 % ± 1.3) (Table 
5-1). 
 
Although the mean abundance of sedges represented less than 5 % in both areas, it is 
interesting to note that Carex glareosa, a rare species in Estonia at its southern distribution 
limit (Kull et al., 2002, Workgroup of Red Data Book of Estonia, 2002), was present in 75 
% of the Tahu North plots and 40 % of Tahu South plots.   
 
The Tahu North study sites showed a relatively high abundance of forb species ranging 
from 12 % ± 1.9 to 20.7 % ± 2.2, including Plantago maritima, Glaux maritima, 
Triglochin maritima and Leontodon autumnalis.  Centaurium littorale and Odontites 
vernus were the only two annual species recorded and had low mean cover within the area 
in 2003 (Table 5-1).  Tahu South showed lower abundance of forb species, mainly 
represented by two halophyte species: Plantago maritima (9 % ± 1.3 and 6 % ± 1.5) and 
Glaux maritima (2.7 % ± 0.6 and 6.2 % ± 1.5).  O. vernus was only recorded in 30 % of 
the quadrats at Tahu South and represented less than 1% mean cover (Table 5-1).  
 
Both sites showed similar mean species richness ranging from 7.8 ± 0.6 (Tahu South) to 
8.7 ± 1 specie per 4 m² (Tahu North) regardless of the difference in management history 
for both sites (Table 5-1). 
Chapter 5 Tahu 135
 Tahu North  Tahu South  
 Abandoned Cut Grazed Abandoned Cut 
Variables Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE 
Bare (%) 0.0 ± 0.0 0.3 ± 0.3 0.5 ± 0.2 0.0 ± 0.0 0.0 ± 0.0 
Litter (%) 11.2 ± 1.3 10.2 ± 1.4 7.2 ± 1.0 15.0 ± 1.3 15.7 ± 3.0 
Moss 0.2 ± 0.2 0.0 ± 0.0 0.0 ± 0.0 0.8 ± 0.5 0.3 ± 0.3 
Ophi vulg 0.5 ± 0.3 0.2 ± 0.2 0.2 ± 0.2 0.0 ± 0.0 0.2 ± 0.2 
Agro sto 3.0 ± 0.9 2.2 ± 0.9 2.5 ± 0.8 7.2 ± 2.9 7.2 ± 3.0 
Fest rub 53.3 ± 5.1 45.8 ± 1.5 60.8 ± 4.9 40.0 ± 7.6 32.0 ± 6.9 
Cx glar 1.7 ± 1.7 2.5 ± 0.9 0.8 ± 0.5 1.7 ± 1.2 3.0 ± 1.6 
Cx pani 2.5 ± 2.5 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 
Eleo pal 0.0 ± 0.0 0.0 ± 0.0 0.3 ± 0.3 0.5 ± 0.5 0.3 ± 0.2 
Jun ger 10.7 ± 2.3 18.7 ± 3.2 16.0 ± 4.3 20.5 ± 4.2 25.8 ± 6.4 
Cent litt 0.2 ± 0.2 0.2 ± 0.2 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 
Gal pal 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.2 ± 0.2 0.8 ± 0.4 
Glx mar 3.2 ± 0.8 7.8 ± 2.0 3.5 ± 0.6 2.7 ± 0.6 6.2 ± 1.5 
Leon aut 0.8 ± 0.3 2.2 ± 0.9 0.7 ± 0.3 0.5 ± 0.2 0.3 ± 0.2 
Odo ver 0.8 ± 0.3 0.8 ± 0.5 0.8 ± 0.3 0.2 ± 0.2 0.5 ± 0.2 
Plant mar 8.5 ± 4.3 7.2 ± 1.8 5.5 ± 1.2 9.0 ± 1.3 6.0 ± 1.5 
Son arv 0.2 ± 0.2 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 
Trigl mar 3.5 ± 0.6 2.5 ± 0.6 1.5 ± 0.2 1.7 ± 0.3 2.3 ± 0.4 
Jun com 0.2 ± 0.2 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 
Species richness 
(per 4m²) 8.7 ± 1.0 8.3 ± 0.3 8.0 ± 0.5 7.8 ± 0.6 8.5 ± 1.0 
Table 5-1: Upper shore grassland mean (n=6, SE) cover (%) for bare, litter and species identified in 
2003 in Tahu North and Tahu South study sites.  The species are labelled with the abbreviated names 
listed in Appendix A 
 
The selected area at Tahu North had been continuously grazed by cattle and horses over 
the last 25 years at low intensity (1LUha-1) from mid-April to late September.  This site 
was selected due to the grazing character and history, to examine the responses to 
management changes from grazing to abandonment or cutting.  A total of 18 permanent 2 
m x 2 m quadrats were permanently fixed by metal poles to facilitate their relocation using 
a metal detector.  Six plots were placed in the grazed area and the other 12 quadrats were 
distributed within three fenced enclosures to prevent any disturbances by animals.  Each 
enclosure held 4 quadrats and two treatments (i.e. Abandoned and Cut) were applied in a 
stratified random way to ensure interspersion.  In the cut plots the vegetation was cut 
annually in late July-early August using shears leaving 3-4 cm of standing vegetation and 
the above biomass was removed from the plots. In total six quadrats were abandoned 
(nA=6), six were grazed (nGz=6) and six were cut (nCt=6). 
 
The second area was Tahu south, which had been abandoned for the last 21-25 years.  This 
site was selected to investigate the short-term response to cutting management after long-
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term abandonment.  Twelve permanently fixed 2 m x 2 m quadrats were located within 
three enclosures to protect the plots from animal disturbance.  Treatments were applied in a 
stratified random way in each enclosure where two quadrats were abandoned and the other 
two were cut as above.  The Tahu South site enclosed a total of six cut plots (nC=6) and six 
abandoned plots (nA=6). 
 
Surveys at both sites were completed annually in late July-early August between 2003 and 
2007 and the percentage cover for each species present as well as bare and litter was 
visually estimated 
 
5.2.3 Statistical analysis 
Vegetation changes in plant species composition in response to each treatments (Tahu 
North: Grazed=Gz, Cut=Ct and Abandoned=A; Tahu South: Abandoned: A and Cut=Ct) 
were described using mean (n=6, SE) species abundance within each treatment and 
between treatment over the course of the experiment (2003-2007).  Cover percentages for 
each species were arcsine transformed to verify the normality assumption necessary for 
further parametric tests.  Multivariate analysis using Detrended Correspondence Analysis 
(DCA) was first performed to give a summary of any changes and variations in the plant 
communities (MVSP, 2003).  Changes were further studied using mean abundance (n=6) 
for each treatment with General Linear Model (GLM) and Least Significant Difference 
(LSD) post hoc testing to detect any changes within (i.e. annual variations) and between 
(i.e. treatment effect) the treatments.  The analysis was performed for individual species, 
functional groups (i.e. grasses, rushes, sedges and forbs; annual and perennials), and 
taxonomic group (i.e. monocotyledons and dicotyledons) and variables showing significant 
differences with means greater than 5 % are graphically represented.  The diversity of each 
community for each year was assessed using mean species richness, the Shannon-Wiener 
diversity and evenness index, and Simpson’s diversity and evenness index (Waite, 2000).   
5.3 Results 
5.3.1 Annual cover changes in Tahu North 
A Detrended Correspondence Analysis ordination was performed to depict differences 
between each treatment and each year (Figure 5-3) and was based on the species cover.  
Axis one accounted for 23 % (eigenvalue: 0.035) and axis two represented 17 % 
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(eigenvalue: 0.025) of the variation observed within samples scores.  Over the course of 
the experiment (summer 2003 to summer 2007), the sample point scores shifted most along 
axis 2 between standard deviation (s.d) values of 0.1 and 0.6 and were restricted between 
0.3 and 0.6 s.d along axis 1.  In 2003, at the start of the experiment, the sample point scores 
were clustered and grouped with low values along axes 1 and 2, then shifted along both 
axes in 2004 and were still grouped.  Between 2005 and 2007, the point scores mainly 
moved along axis 2 and had axis 1 values comprised between 0.3 and 0.5 except for the cut 
point score of 2007 that had higher scores values along axis 1 (Figure 5-3).  
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Figure 5-3: Detrended Correspondence Analysis diagram of cut, grazed and abandoned treatments in 
Tahu north based on the mean (n=6) abundance of species and standard errors of the mean. Each point 
is labelled according to the treatment (Ct=Cut, Gz=Grazed and A= Abandoned) and year of survey 
(03=2003, 04=2004, 05=2005, 06=2006 and 07=2007). 
 
In general, the closeness of point scores throughout the study suggests similarities in 
floristic composition between the treatments, except in 2007 when the distribution of the 
point scores is more varied and the cut point score is the furthest away from the grazed and 
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abandoned points.  Such results suggest greater differences between the cut and grazed-
abandoned plant communities. 
 
5.3.1.1 Annual cover changes within grazed plots  
During the five years of the experiment, the grazed plots showed significant differences in 
the abundance of ten species, bare ground, litter and seven taxonomic variables.  Such 
results demonstrated the dynamic nature of upper shore grasslands within the grazed area.  
Most changes occurred between 2003 and 2004 with ten variables showing significant 
differences (Table 5-2) and yearly variations of abundance were observed for each species.   
 
Bare ground mean abundance increased between 2003 and 2007, covering less than 2 % 
between 2003 and 2006 and reached a mean cover of 4 % ± 1.2 in 2007, with significant 
variation in abundance between 2003-2004, 2004-2005 and 2006-2007.  In contrast, litter 
was present in all the quadrats in 2003 and had a mean abundance of 7.2 % ± 1, which 
fluctuated the following years.  Results showed a significant increase between 2005 and 
2006 with a maximum mean cover of 12 % ± 1.5 in 2006.  However by 2007, litter cover 
decreased by almost 50 % and represented only 4.7 % ± 1.7 (Figure 5-4).  
 
 Treatment 2003-2004 2004-2005 2005-2006 2006-2007 
 Variables p-value Variables p-value Variables p-value Variables p-value 
Grazed Bare (-) 0.018 Bare (+) 0.000 Litter (+) 0.001 Bare (+) 0.003 
 Festuca rubra (-) 0.000 Blysmus rufus (+) 0.043 Agrosits stolonifera (+) 0.001 Litter (-) 0.009 
 Juncus gerardii (+) 0.000 Glaux maritima (-) 0.005 Festuca rubra (-) 0.000 Carex glareosa (+) 0.006 
 Glaux maritima (+) 0.017 Plantago maritima (-) 0.001 Carex nigra (+) 0.021 Carex nigra (-) 0.004 
 Leontodon autumnalis (+) 0.007 Triglochin maritima (-) 0.005 Glaux maritima (+) 0.000 Plantago maritima (+) 0.015 
 Triglochin maritima (+) 0.000 Total Sedges (+) 0.007 Triglochin maritima (+) 0.016 Total Perennials (+) 0.009 
 Total Grass (-) 0.000 Total Forbs (-) 0.000 Total Forbs (+) 0.006   
 Total Rushes (+) 0.000 Total Monocotyledons (+) 0.014 Total Perennials (-) 0.000   
 Total Forbs (+) 0.002 Total Dicotyledons (-) 0.000 Total Monocotyledons (-) 0.000   
 Total Dicotyledons (+) 0.01       
Table 5-2: Plant community variables showing significant differences (p<0.05) in percentage cover within the grazed plots for each year from 2003-2007 in upper 
shore grasslands, Tahu North. 
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Figure 5-4: Mean (n=6, ± SE) percentage cover of litter and species with significant differences (GLM, 
LSD post hoc, p-value<0.05) between years in the grazed plots, Tahu north. The * indicates levels of 
significant differences with the previous year with * < 0.05, **< 0.01 and ***< 0.001. The species are 
labelled with the abbreviated names listed in Appendix A. 
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Festuca rubra was initially the dominant species within the grazed plots representing a 
mean cover of 60.8. % ± 4.9 in 2003 and had a maximum cover of 75 % within a single 
quadrat.  In 2004 and 2006, F.rubra experienced a significant decrease in abundance 
(Figure 5-4 and Table 5-2), resulting in a total decrease of 60 % with mean cover values in 
2006 of 24.3 % ± 3.  Results showed that the maximum cover recorded for this grass 
species was 35 % within a single quadrat in 2006.  
 
Agrostis stolonifera was the second grass species showing significant differences in mean 
abundance over the course of the study.  In 2003, A.stolonifera had a mean cover of 2.5 % 
± 0.8 with a maximum recorded cover of 5 % in a single quadrat.  By 2006, the abundance 
of A. stolonifera increased by 80 % representing an average cover of 13.2 % ± 2.4 (Figure 
5-4), which explains the significant differences observed between 2005 and 2006 (Table 
5-2). 
 
Juncus gerardii represented 16 % ± 4.3 of the total cover in 2003.  This rush species 
increased significantly in 2004 (Table 5-2) with mean cover of 28.3 % ±2.8, which 
remained relatively stable the following years (Figure 5-4). 
 
Sedge species such as Blysmus rufus, Carex nigra and Carex glareosa presented 
significant differences in their mean abundance, nonetheless the mean abundance of these 
species represented no more then 5 % cover. Blysmus rufus was absent from the plots in 
2003 and 2004 and was recorded from 2005 onwards, yielding the significant results in 
2005 (Table 5-2).  Carex nigra showed an increase in mean cover in 2006 but disappeared 
from the surveyed plots by 2007.  Finally Carex glareosa showed low mean cover in 2003 
(0.8 % ± 0.5) but significantly increased in 2007 to a mean cover of 5 % ± 3.2, where it 
showed a 50 % frequency between samples and a maximum cover of 20 % within a single 
quadrat.  All through the study, Carex glareosa was recorded within the same quadrats and 
increased in cover.  
 
Forb species also presented significant differences in mean abundance, mainly of 
halophyte species (Table 5-2).  Plantago maritima increased slightly between 2003 and 
2007 from 5.5 % ± 1.2 to 7.5 % ± 1.3, but showed yearly fluctuations in mean abundance 
and a maximum mean cover of 9.7 % ± 1.2 in 2004 (Figure 5-4).  Triglochin maritima 
showed significant yearly fluctuations between 2003 and 2006 and increased by more than 
Chapter 5 Tahu 142
70 % in abundance within the grazed quadrats, with a maximum mean abundance of 5.3 % 
± 0.5 in 2005.  Glaux maritima was the second most abundant forb species in 2003 with 
3.5 % ± 0.6 and increased to a mean cover of 5 % ± 1 in 2007 (Figure 5-4).  Leontodon 
autumnalis was the only glycophyte species showing significant differences between years 
and although its mean cover remained less than 2 % during the study, it increased in 2004 
by 45 % (Table 5-2)  
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Figure 5-5: Mean (n=6, ± SE) percentage cover of functional groups with significant differences (GLM, 
LSD post hoc, p-value<0.05) between years in the grazed plots, Tahu north. The * indicates levels of 
significant differences with the previous year with * < 0.05, **< 0.01 and ***< 0.001.  
 
The changes in abundance in the above species resulted in fluctuations at the different 
taxonomic levels.  The abundance of Festuca rubra declined significantly in 2004 and with 
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this grass representing approximately 90 % of the total grass species, consequently the 
abundance of total grass species reflected this decrease (Figure 5-5).  Similarly, changes in 
Juncus gerardii were reflected by changes in total rush cover, with a significant increase in 
2004, for both variables (Figure 5-5).  Fluctuations in mean cover of Plantago maritima 
Triglochin maritima, Glaux maritima and Leontodon autumnalis resulted in significant 
changes in the abundance of total forbs, which increased by 40 % between 2003 and 2007, 
representing on average 21.2 % ± 3.4 (Figure 5-5). 
 
Monocotyledons were highly represented in upper shore grasslands, with 82 % ± 2 in 
2003, and seemed to be slightly affected by the decrease in mean abundance of grass 
species, resulting in significant changes (Table 5-1 and Figure 5-5).  Dicotyledons 
increased over the course of the experiment (from Gz2003= 10.5 % ± 1.8 to Gz2007= 15.8 % 
± 2.9), with significant variations in 2004 and 2005 (Figure 5-5).  The abundance of 
perennials varied significantly in 2006 and 2007, as it decreased in 2006 but then 
recovered by 2007. 
 
5.3.1.2 Annual cover changes within cut plots 
Changing management practice from low-intensity grazing to cutting induced numerous 
changes in plant species abundance. A total of 22 variables showed significant differences 
(Table 5-3). Six plant species (i.e, Blysmus rufus, Carex glareosa, Centaurium littorale, 
Odontites vernus, Poa pratensis, and moss), total sedges and annuals represented less than 
5% in mean abundance, however small changes in their average cover resulted in 
significant differences as indicated in Table 5-3. 
 
The abundance of bare ground increased significantly over the five years of the study, in 
particular between 2006 and 2007 (Figure 5-6) when it reached a mean abundance of 10 % 
± 1.3.  Conversely, litter cover fluctuated but decreased and had a mean abundance of 2.7 
% ± 0.2 in 2007. 
 
 Treatment 2003-2004 2004-2005 2005-2006 2006-2007 
 Variables p-value Variables p-value Variables p-value Variables p-value 
Cut Litter (-) 0.002 Bare (+) 0.000 Bare (+) 0.012 Bare (+) 0.010 
 Festuca rubra (-) 0.010 Poa pratensis (+) 0.048 Agrostis stolonifera (+) 0.035 Litter (-) 0.003 
 Carex glareosa (-) 0.004 Blysmus rufus (+) 0.005 Glaux maritima (+) 0.000 Moss (-) 0.048 
 Juncus gerardii (+) 0.001 Juncus gerardii (+) 0.014 Triglochin maritima (+) 0.025 Blysmus rufus (-) 0.003 
 Glaux maritima (+) 0.001 Centaurium littorale (+) 0.007 Total Forbs (+) 0.009 Centaurium littorale (-) 0.006 
 Triglochin maritima (+) 0.000 Glaux maritima (-) 0.000 Total Perennials (-) 0.036 Odontites vernus (-) 0.025 
 Total Grass (-) 0.005 Plantago maritima (-) 0.000 Total Monocotyledons 0.043 Plantago maritima (+) 0.004 
 Total Sedges (-) 0.003 Species richness (+) 0.002   Species richness (-) 0.007 
 Total Rushes (+) 0.001 Total Sedges (+) 0.001   Total lower plants (-) 0.048 
 Total Forbs (+) 0.003 Total Rushes (+) 0.015   Total Sedges (-) 0.000 
 Total Perennials (+) 0.001 Total Forbs (-) 0.000   Total Annuals (-) 0.003 
 Total Dicotyledons 0.019 Total Perennials (+) 0.044     
   Total Monocotyledons 0.002     
   Total Dicotyledons 0.000     
Table 5-3: Plant community variables showing significant differences (p<0.05) in % cover within the cut plots for each year from 2003-2007 in upper shore 
grasslands, Tahu North 
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Although, Festuca rubra was the most abundant grass species in 2003, representing 45.8 % 
± 1.5 its mean cover declined over the five years to account for 15.5 % ± 3.5 in 2007, to 
the apparent advantage of Agrostis stolonifera (Figure 5-6). This latter grass species had a 
mean cover of 2.2 % ± 0.9 in 2003 and significantly increased in 2006 to cover 18 % ± 3.3 
by 2007.  As a result, A. stolonifera was then the most abundant dominant grass and the 
second most important plant species after Juncus gerardii.  
 
Juncus gerardii was the only rush species within the cut plots.  Its mean abundance 
showed significant fluctuations between 2003-2004 and 2004-2005 as it increased to a 
mean cover of 40.8 % ± 3.3 in 2005 (Figure 5-6).  Although the mean cover of J.gerardii 
decreased in the following two years, this rush still remained in high proportion, 
representing 30 % of the overall vegetation with a mean abundance of 26.5 % ± 3.9 in 
2007. 
 
Five forb species significantly fluctuated over the course of the study, including 
Centaurium littorale, Odontites vernus, Glaux maritima, Plantago maritima and 
Triglochin maritima (Table 5-3).  The discontinuous observations of Centaurium littorale, 
only recorded in 2003, 2005 and 2006, resulted in significant changes between 2004-2005 
and 2006-2007 and the maximum mean abundance was accounted for 2006 with 1.2 ±0.5. 
Similarly, Odontites vernus showed low mean cover values with a maximum of 1.7 % ± 
0.3 in 2006 (Figure 5-6).  Glaux maritima declined in abundance over the five years of the 
experiment except in 2004 when it increased significantly by 40 % and represented a mean 
cover of 13.2 % ± 2.3 (Figure 5-6).  Conversely, Plantago maritima and Triglochin 
maritima increased in cover during the experiment, nonetheless P.maritima showed 
substantial yearly fluctuations and reached a minimum cover in 2006 with 3.8 % ±0.9, 
which was followed by a 60 % increase in 2007 (Figure 5-6).  As for T. maritima a 
relatively continuous increase in abundance was observed between 2003 and 2007 as it 
expanded from 2.5 % ± 0.6 to 10.7 % ± 2.3 and became the abundant forb species within 
the cut plots. 
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Figure 5-6: Mean (n=6, ± SE) percentage cover of bare ground, litter and species with significant 
differences (GLM, LSD post hoc, p-value<0.05) between years in the cut plots, Tahu north. The * 
indicates levels of significant differences with the previous year with * < 0.05, **< 0.01 and ***< 0.001. The 
species are labelled with the abbreviated names listed in Appendix A. 
 
Functional groups were also affected and presented seasonal variations within the cut plots 
(Table 5-3).  Juncus gerardii was the only rush species, therefore the cover of total rush 
had similar patterns (Figure 5-6 and Figure 5-7).  The significant decrease in Festuca rubra 
observed in 2004 negatively affected the total grass cover in the same year as F. rubra 
represented 95 % of the total grass species in 2003 (Figure 5-7).  Agrostis stolonifera 
increased in abundance from 2005 onwards and compensated for the loss of Festuca rubra 
and maintained the total grass mean cover with values around 34 %. 
Chapter 5 Tahu  148 
0
10
20
30
40
50
60
70
80
90
100
20
03
20
04
20
05
20
06
20
07
M
ea
n
 
%
 
co
v
er
Total grass
**
0
10
20
30
40
50
60
70
80
90
100
20
03
20
04
20
05
20
06
20
07
Total rush
**
**
0
10
20
30
40
50
60
70
80
90
100
20
03
20
04
20
05
20
06
20
07
Total forb
**
***
**
0
10
20
30
40
50
60
70
80
90
100
20
03
20
04
20
05
20
06
20
07
M
ea
n
 
%
 
co
v
er
Total perennial
*
*
**
0
10
20
30
40
50
60
70
80
90
100
20
03
20
04
20
05
20
06
20
07
Total monocotyledon
*
**
0
10
20
30
40
50
60
70
80
90
100
20
03
20
04
20
05
20
06
20
07
Total dicotyledon
***
*
 
Figure 5-7: Mean (n=6, ± SE) percentage cover of functional groups with significant differences (GLM, 
LSD post hoc, p-value<0.05) between years in the cut plots, Tahu north. The * indicates levels of 
significant differences with the previous year with * < 0.05, **< 0.01 and ***< 0.001.  
 
Forb species represented 20.7 % ± 2.2 in 2003 and increased to 26.7 % ±2.1 by 2007, but 
showed significant variations in 2004, 2005 and 2006, when it reached a mean cover of 
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33.2 % ±3.0 then was halved by 2005 and increased by 2006 (Figure 5-7).  These 
variations correspond to the fluctuations of Triglochin maritima and Plantago maritima for 
the same years, as these two species composed between 50 % and 60 % of the total forb 
species.  
 
Upper shore grasslands are mainly composed of perennial species, with Centaurium 
littorale and Odontites vernus the only two annual species.  Although these annual species 
were poorly represented within the plots, total annuals were significantly decreased 
between 2006 and 2007, but did not seem to have a great impact on the abundance of the 
total perennials (Figure 5-7), whereas the significant increase of bare ground reduced the 
vegetation cover. 
 
Monocotyledons and dicotyledons also presented significant changes in their overall 
abundance (Figure 5-7).  The significant increase of Juncus gerardii experienced in 2005, 
which represented more than 50% of the total monocotyledons, resulted in an increase of 
the overall monocotyledons and the abundance was maintained well above 70%.  
Dicotyledons briefly showed a high abundance in 2004 (Figure 5-7), as a result of high 
percentage cover of Plantago maritima and Glaux maritima.  
 
5.3.1.3 Annual cover changes within abandoned plots 
Significant changes in abundance of fifteen variables, including seven plant species, 
occurred on the newly abandoned plots in the five years of the experiment.  Between 2003 
and 2004, ten of these variables showed significant changes, nine had significant changes 
between 2004 and 2005, eleven had significant differences between 2005 and 2006, and 
only two species presented significant changes between 2006 and 2007 (Table 5-4).   
 
Bare ground cover and Blysmus rufus represented less than 5 % in mean abundance over 
the course of the experiment.  Bare ground was absent in 2003, at the start of the 
experiment, but did show an increase in the mean abundance as it reached a mean value of 
3.2 % ± 0.6 by 2007.  Blysmus rufus, a rhizomatous perennial, was only observed in 2005 
and 2006 and then disappeared from the surveyed area.   
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Between 2003 and 2007, Agrostis stolonifera and Triglochin maritima generally increased 
in abundance, Juncus gerardii, Plantago maritima and Glaux maritima showed 
fluctuations and Festuca rubra decreased (Figure 5-8). 
 
Agrostis stolonifera and Festuca rubra were the main grass species with F.rubra most 
abundant within the grass group.  In 2004 and 2006, Festuca rubra experienced two 
significant decreases, which reduced the mean cover from 53.3 % ± 5.1 to 24.7 % ± 3.6 
between 2003 and 2007 (Figure 5-8 and Table 5-4).   
   
Treatment 2003-2004 2004-2005 2005-2006 2006-2007 
 Variables p-value Variables p-value Variables p-value Variables p-value 
Abandoned Litter (-) 0.002 Bare (+) 0.000 Litter (+) 0.003 Blysmus rufus (-) 0.001 
 Festuca rubra (-) 0.003 Agrostis stolonifera (+) 0.037 Festuca rubra (-) 0.009 Plantago maritima (+) 0.030 
 Juncus gerardii (+) 0.000 Juncus gerardii (+) 0.028 Blysmus rufus (+) 0.001 Species richness (-) 0.040 
 Glaux maritima (+) 0.000 Glaux maritima (-) 0.000 Juncus gerardii (-) 0.038   
 Triglochin maritima (+) 0.037 Plantago maritima (-) 0.000 Glaux maritima (+) 0.000   
 Total Grass (-) 0.002 Species richness (+) 0.045 Triglochin maritima (+) 0.008   
 Total Rushes (+) 0.000 Total Rushes (+) 0.029 Total Rushes (-) 0.047   
 Total Forbs (+) 0.001 Total Forbs (-) 0.000 Total Forbs (+) 0.001   
 Total Perennials (+) 0.002 Total Monocotyledons (+) 0.031 Total Perennials (-) 0.002   
 Total Dicotyledons (+) 0.004 Total Dicotyledons (-) 0.001 Total Monocotyledons (-) 0.000   
     Total Dicotyledons (+) 0.008   
Table 5-4: Plant community variables showing significant differences (p<0.05) in  percentage cover within the abandoned plots for each year from 2003-2007 in 
upper shore grasslands, Tahu North 
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Conversely, Agrostis stolonifera only covered 3 % ± 0.9 in 2003, with a maximum cover 
recorded of 5 % within a single plot, and increased by 60 % in 2005 to represent the third 
most abundant species in 2007 with a mean cover of 15 % ± 3.7 (Figure 5-8).   
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Figure 5-8: Mean (n=6, ± SE) percentage cover of litter and species with significant differences (GLM, 
LSD post hoc, p-value<0.05) between years in the abandoned plots, Tahu North. The * indicates levels 
of significant differences with the previous year with * < 0.05, **< 0.01 and ***< 0.001. The species are 
labelled with the abbreviated names listed in Appendix A. 
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Juncus gerardii had a mean abundance of 10.7 % ± 2.3 in 2003 with a maximum value of 
20 % recorded within a single plot (Figure 5-8).  In 2004 and 2005, J.gerardii increased 
significantly to reach a peak value of 33 % ± 5.1, and this rush had a maximum cover of 45 
%.  Although Juncus gerardii seemed well established in the abandoned plots, the mean 
abundance decreased significantly by 40 % between 2005 and 2006 (Table 5-4), and 
reached a minimum value of 17.8 % ± 4.5 in 2007 (Figure 5-8).   
 
Glaux maritima, Plantago maritima and Triglochin maritima were the dominant forb 
species, representing more than 85 % of the forb cover, and they were the only forb species 
to experience significant changes in their abundance between 2003 and 2007 (Table 5-4).  
Similar trends were observed in the fluctuation of their abundance, with an important 
increase in 2004 followed by a decline in 2005 (Figure 5-8).  However, the plant species 
recovered and had greater abundance in 2007 compared to 2003, except for Plantago 
maritima which showed slightly less abundance (Figure 5-8). 
 
Litter was also affected by yearly fluctuations; however it presented an overall decrease 
between 2003 and 2007 with respective mean covers of 11.2 % ±1.3 and 7.3 % ±1.5 
(Figure 5-8).  Litter reached a minimum cover in 2005 with only 3.8 % ±1.3, which 
coincided with low values of Plantago maritima, Glaux maritima and Triglochin maritima 
and high values of Juncus gerardii.  
 
Thus, numerous plant species were affected by the absence of management and the plant 
community shifted from one dominated by Festuca rubra to a Festuca rubra-Agrostis 
stolonifera–Juncus gerardii dominated sward.  Functional groups also expressed these 
changes as significant differences in the abundance of total grass, rush, forb, perennial, 
monocotyledons and dicotyledons (Table 5-4 and Figure 5-9).  As Juncus gerardii was the 
only rush species occurring within the plots, the same results were observed in the 
variations of total rush group. The abundance of total grasses decreased between 2003 and 
2007 (Figure 5-9), and the significant decrease in Festuca rubra in 2004 resulted in a 
significant decrease in the total abundance of grass species (Figure 5-9 and Table 5-4). 
 
Chapter 5 Tahu  154 
0
10
20
30
40
50
60
70
80
90
100
20
03
20
04
20
05
20
06
20
07
Total dicotyledon
**
**
**
0
10
20
30
40
50
60
70
80
90
100
20
03
20
04
20
05
20
06
20
07
Total monocotyledon
***
*
0
10
20
30
40
50
60
70
80
90
100
20
03
20
04
20
05
20
06
20
07
M
ea
n
 
%
 
co
v
er
Total perennial
**
**
0
10
20
30
40
50
60
70
80
90
100
20
03
20
04
20
05
20
06
20
07
Total forb
**
***
**
0
10
20
30
40
50
60
70
80
90
100
20
03
20
04
20
05
20
06
20
07
Total rush
*
*
***
0
10
20
30
40
50
60
70
80
90
100
20
03
20
04
20
05
20
06
20
07
M
ea
n
 
%
 
co
v
er
Total grass
**
 
Figure 5-9: Mean (n=6, ± SE) percentage cover of functional groups with significant differences (GLM, 
LSD post hoc, p-value<0.05) between years in the abandoned plots, Tahu North. The * indicates levels 
of significant differences with the previous year with * < 0.05, **< 0.01 and ***< 0.001.  
 
The abundance of forbs was significantly affected between 2003-2004, 2004-2005 and 
2005-2006, due to changes of mean abundance of the dominant forb species (i.e. Plantago 
maritima, Glaux maritima and Triglochin maritima) (Table 5-4).  Significant differences in 
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total dicotyledons increased to represent 34 % ± 5.6 in 2007 compared to only 16.8 % ±4.9 
in 2003 (Figure 5-9).  The abundance of monocotyledons decreased by 20 % as 
dicotyledons increased.  Although significant differences were observed in the mean cover 
of perennials, values between 2003 and 2007 remained similar with 88 % ± 1.8 and 89 % ± 
1.5 respectively (Figure 5-9). 
 
5.3.1.4 Annual cover changes between treatments 
Changes in the management practices from low intensity grazing to yearly cutting or 
abandonment induced significant changes for bare ground, litter, six species and five 
taxonomic groups. 
 
Significant differences in the abundance of seven variables were observed in 2003 at the 
start of the experiment, possibly due to previous heterogeneous grazing patterns (Table 
5-5).  Grazed plots contained significantly higher abundance of Festuca rubra, total grass 
species and monocotyledons, cut plots showed significantly higher abundance of Glaux 
maritima and finally the abandoned plots had significantly higher cover of Triglochin 
maritima, litter and forbs (Figure 5-10).  
 
   
2003 2004 2005 2006 2007 
Species p-value Species p-value Species p-
value 
Species p-value Species p-
value 
Litter  (A>Gz) 0.039 Centaurium littorale 
(Ct>Gz) 
0.005 Bare (A>Gz) 0.031 Litter  (Gz>Ct) 0.026 Bare  
(Ct>A) 
(Ct>Gz) 
 
0.000 
0.001 
Festuca rubra (Gz>Ct) 0.025 Glaux maritima 
(Ct>Gz) 
0.008 Agrostis stolonifera 
(A>Gz) 
0.021 Total Annuals (Ct>A) 0.024 Litter (A>Ct) 0.026 
Glaux maritima 
(Ct>A) 
(Ct>Gz) 
 
0.024 
0.046 
Total Dicotyledons 
(A>Gz) 
(Ct>Gz) 
 
0.006 
0.008 
Festuca rubra (Gz>Ct) 0.002 Total Monocotyledons  
(Ct>A) 
(Gz>A) 
 
0.001 
0.003 
Blysmus rufus 
(Gz>A) 
(Gz>C) 
 
0.002 
0.002 
Triglochin maritima 
(A>G) 
0.013 Total Forbs 
(A>Gz) 
(Ct>Gz) 
 
0.038 
0.005 
Centaurium littorale 
(Ct>Gz) 
0.044     
Total Grass (Gz>Ct) 0.021 Total Monocotyledons 
(Gz>A) 
(Gz>Ct) 
 
0.039 
0.009 
Triglochin maritima 
(Ct>Gz) 
0.033     
Total Forbs (Ct>Gz) 0.044   Total  Grass 
(A>Ct) 
(Gz>Ct) 
 
0.045 
0.016 
    
Total Monocotyledons  
 (Gz>Ct) 
 
0.020 
  Total Dicotyledons  
(A>Gz) 
(Ct>Gz) 
 
0.032 
0.005 
    
Table 5-5: Plant community variables showing significant differences (p<0.05) in percentage cover between Grazed (Gz), Abandoned (A) and Cut (Ct) plots per 
year in upper shore grasslands, Tahu North 
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Figure 5-10: Mean (n=6, ± SE) cover of bare ground, litter and species with significant differences 
(GLM, LSD post hoc, p-value<0.05) between treatments (■: Abandoned, □: Cut, ●: Grazed) from 2003 
to 2007 at Tahu North. Different letters indicate significant differences between treatments within the same 
year. The species are labelled with the abbreviated names listed in Appendix A. Note the different axis 
scales. 
 
Bare ground showed significant differences over the course of the experiment, as it 
increased from very low abundance at the start of the experiment (Table 5-5).  The 
abundance of bare ground showed relatively similar values in both grazed and abandoned 
plots, with values of 4 % ± 1.2 and 3.2 % ± 0.6 in 2007, whereas cutting practices seemed 
to have significantly increased the amount of bare ground between 2006 and 2007 with 
mean abundance of 10 % ± 1.3 in 2007 (Figure 5-10).  These results suggest that cutting 
had a greater effect to create bare patches than grazing or abandonment. 
 
Litter is a common variable usually associated with a lack of management.  Its abundance 
fluctuated in all three treatments over the period of the experiment with a high cover in 
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2005.  In 2006 and 2007, significant differences were observed in the mean abundance of 
litter, with grazing plots in 2006 and abandoned plots in 2007 characterized by higher litter 
(Table 5-5 and Figure 5-10).  The cut plots presented lower litter cover except in 2005 and 
showed the lowest abundance in 2007, indicating that cutting resulted in less litter cover in 
particular during the last two years. 
 
Agrostis stolonifera increased under all three treatments, with greater cover in the 
abandoned quadrats compared to the grazed and cut plots in 2005 and 2006 (Figure 5-10).  
Although the abandoned plots had significantly higher abundance than the grazed and cut 
plots in 2005 (Table 5-5), cutting positively affected the growth of this stoloniferous 
species and showed higher cover.  Conversely, the abundance of Festuca rubra was 
reduced in all three treatments, more than halved in the cut and grazed plots, and seemed to 
be particularly negatively affected by the cutting management (Figure 5-10). 
 
Glaux maritima was unevenly distributed in 2003, with the cut plots showing higher cover 
with 7.8 % ± 2, whereas grazed and abandoned had less than 4 % mean abundance.  
Significant results were observed in 2004, probably a legacy of the existing differences in 
2003, although a slight increase was observed in the abandoned plots as well as the grazed 
plots (Figure 5-10).  Between 2005 and 2007, the abundance of G.maritima was reduced in 
all three treatments and fluctuated between 2 and 6 %, to reach similar values to that of 
2003.  Triglochin maritima showed significant differences in abundance in 2003 and 2005 
between abandoned and grazed plots, then cut and grazed plots respectively (Table 5-5).  
The cover of T.maritima varied in the cut and abandoned plots and remained in higher 
abundance than in the grazed plots throughout the five years of study (Figure 5-10).  
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Figure 5-11: Mean (n=6, ± SE) cover of functional groups with significant differences (GLM, LSD post 
hoc, p-value<0.05) between treatments (■: Abandoned, □: Cut, ●: Grazed) from 2003 to 2007 at Tahu 
North.  Different letters indicate significant differences between treatments within the same year.  Note the 
different axis scales.  
 
Functional groups were affected in particular, grass, forb, monocotyledons and 
dicotyledons groups in relation to changes occurring to the dominant specie of each group 
(Figure 5-9 and Table 5-5).  Festuca rubra was the dominant grass species and 
experienced an overall decrease which influenced the total grass.  The abundance of the 
forb group fluctuated with the lowest values recorded in 2005, but by 2007, all three 
treatments showed relatively similar mean abundance.  The mean cover of monocotyledons 
remained stable all throughout the experiment with a slight decline from 2006 onwards.  
As for the dicotyledons, significant differences in abundance between the different 
treatments were observed, followed by a sharp decline in 2005. Between 2005 and 2007, 
dicotyledons became more abundant as a result of the increase of Plantago maritima and 
Leontodon autumnalis across all three treatments. 
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5.3.2 Diversity at Tahu North 
5.3.2.1 Species richness 
No significant differences were observed in species richness over the course of the study 
between the different treatment applications. At the start of the experiment, all three areas 
accounted for mean species richness of 8 ± 0.5, 8.3 ± 0.3 and 8.7 ± 1 per 4m² for the 
grazed, cut and abandoned plots respectively (Figure 5-12).  The maximum species 
richness was recorded in 2005 with 17 species in an abandoned quadrat and a maximum 
mean of 10.3 ± 0.7 for the cut quadrats that same year.  Similar patterns in the variations of 
species richness affected the three treatments, although grazed plots had lower values 
between 2003 and 2006 compared to the cut and abandoned plots (Figure 5-12). However, 
in 2007, the species richness of the grazed plots increased whereas the cut and abandoned 
plots faced a decline in richness.  
 
Figure 5-12: Mean (n=6, ± SE) species richness between the Grazed (●), Abandoned (■) and cut (□) 
treatments at Tahu North for 2003-2007. 
 
5.3.2.2 Shannon-Wiener (H’) and Simpson’s (D’) diversity index 
Between 2003 and 2005, the cut plots showed higher Shannon-Wiener diversity index 
scores than the abandoned and grazed. By 2007, the difference between the diversity index 
values was reduced and all three treatment showed comparatively similar scores with a 
slight increase in the grazed plots (H’Cut= 1.681 ± 0.029, H’Abandoned= 1.723 ± 0.060 and 
H’Grazed= 1.790 ± 0.083).  
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Figure 5-13: Mean (n=6, ± SE) Shannon-Wiener (a) and Simpson's (b) diversity index for the Grazed 
(●), Cut (□) and Abandoned (■) plots at Tahu North for 2003 -2007. Different letters indicate significant 
differences within a same year. 
 
The Simpson’s diversity index showed significant differences at the start of the study in 
2003, where the grazed plots (D’Grazed= 0.505 ± 0.058) had a significantly lower value than 
the cut plots (D’Cut= 0.666 ± 0.017). Otherwise, similar trends were observed with the 
Shannon-Wiener diversity index, including an overall increase but a decrease for all 
treatments in 2005. The grazed treatment had lower diversity values than the other 
treatment between 2003 and 2006, but by the end of the study all three treatments had 
similar Simpson’s diversity index scores.  
 
Overall, all three treatments experienced an increase in diversity scores over the five years 
of this study, except for 2005. Although the grazed plots had the lowest diversity index  
values in 2003 and no significant differences was detected in 2007, these plots showed 
slightly higher index values and greater increase (H’2003-H’2007= + 38 % and D’2003-D’2007= 
+ 35 %), suggesting a positive effect of grazing compared to the other treatments. 
5.3.2.3 Shannon-Wiener (J) and Simpson’s (ED’) evenness index 
 
Figure 5-14: Mean (n=6, ± SE) Shannon-Wiener (a) and Simpson's (b) evenness index for the Grazed 
(●), Cut (□) and Abandoned (■) plots at Tahu North for 2003 -2007 
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In 2003 the grazed plots had significantly lower Shannon’s-Wiener evenness index scores 
(JGrazed= 0.530 ± 0.047) than the cut plots (JCut= 0.679 ± 0.023), suggesting that the 
composition of the grazed plant community was dominated by one or few plant species at 
the beginning of the study. Indeed, the grazed plots were dominated by Festuca rubra, 
which had a mean abundance of 60.8 % ± 4.9 in 2003, whilst in the cut plots F.rubra only 
covered an average abundance of 45.8 % ± 1.5.  Overall, the Shannon-Wiener evenness 
index values increased for all three treatments, except in 2005, to reach similar values 
between JGrazed= 0.808 ± 0.025 and JAbandoned= 0.845 ± 0.028 in 2007, indicating a more 
even distribution of the species cover within the vegetation.  Similarly, the positive trend of 
the Simpson’s evenness index verifies the Shannon-Wiener pattern.  No significant 
differences were noted in the Simpson’s evenness values, however the grazed plots showed 
relatively lower evenness values than the abandoned and cut plots during the five years of 
the study, suggesting that cutting and abandonment may have promoted homogeneity 
within the plant composition. 
 
5.3.3 Annual cover changes in Tahu South 
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Figure 5-15: Detrended Correspondence Analysis diagram of cut and control treatments in Tahu 
South, based on the mean (n=6) abundance of species and standard errors of the mean. Each point is 
labelled according to the treatment (C=Cut and A= Abandoned) and year of survey (1=2003, 2=2004, 
3=2005, 4=2006 and 5=2007).  
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The DCA ordination (Figure 5-15) explained a total of 40 % of the variation with axes 1 
accounting for 24 % of the variation (eigenvalue: 0.005) and axis 2 accounting for 16 % of 
the variation (eigenvalue: 0.03).  The distribution of the point scores showed clear 
differences between the years of survey for both control and cut plots but little differences 
between treatments in the same year.  All the point scores varied with time and ranged 
between 0.25 and 0.6 standard deviation units on both axes.  Quadrats from the cut and 
control plots in 2003 had low mean scores on both axes with high variation to the mean, 
although the cut plots had slightly higher values than the control plots. In 2004, control and 
cut point scores clustered at higher values along axis 2.  Between 2005 and 2007 all the 
point scores shifted to higher values along both axes with increasing distances between the 
control and cut point scores.  Such observations could indicate increasing dissimilarities in 
plant composition between the control and cut quadrats as a result of reinstating cutting.  
However, the relatively similar distribution patterns over time for both the cut and the 
control points suggest that additional underlying factors influenced changes in the plant 
communities 
 
5.3.3.1 Annual cover changes within abandoned plots  
Over the five years of this experiment, a total of ten species, seven functional groups, litter 
and bare ground experienced significant and dynamic environment that characterises upper 
shore grasslands.  Bare ground, moss, Blysmus rufus, Eleocharis palustris, Odontites 
vernus and Leontodon autumnalis represented less than 5% in mean abundance within the 
quadrats and had variable occurrence and frequency.  
 
The fewest changes in species cover occurred between 2003 and 2004 where only litter, 
moss, Juncus gerardii and three functional groups showed significant differences.  
Increasing numbers of significant differences were experienced over the following years 
with a maximum between 2005 and 2006 (Table 5-6).   
 
The composition of the plant community evolved from a grass-dominated sward supported 
by rush species, representing respectively 55 % and 25 % in 2003, to a rush-dominated 
community (43 %) with a high proportion of forb species (31 %) in 2007.  In addition, over 
the course of the experiment a significant increase in litter cover was recorded as it rose 
from 15 % ± 1.3 to 21.7 % ± 3.1 between 2003 and 2007, with a maximum cover of 30% 
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recorded within a single quadrat in 2007.  Grass species were the most affected over the 
study, particularly Festuca rubra which decreased in 2005 and then in 2007, when it was 
reduced by 70 %.  
 
   
Treatment 2003-2004 2004-2005 2005-2006 2006-2007 
 Variables p-value Variables p-value Variables p-value Variables p-value 
Control Litter (-) 0.007 Festuca rubra (-) 0.016 Bare (+) 0.001 Litter (+) 0.016 
 Moss (-) 0.042 Juncus gerardii (+) 0.009 Agrostis stolonifera (+) 0.001 Festuca rubra (-) 0.003 
 Juncus gerardii (+) 0.005 Glaux maritima (-) 0.004 Eleocharis palustris (+) 0.037 Blysmus rufus (-) 0.011 
 Total rush (+) 0.006 Odontites vernus (+) 0.049 Juncus gerardii (-) 0.001 Plantago maritima (+) 0.001 
 Total perennial (+) 0.004 Plantago maritima (-) 0.001 Glaux maritima (-) 0.006 Triglochin maritima (-) 0.002 
 Total monocotyledons (+) 0.043 Triglochin maritima (-) 0.008 Leontodon autumnalis (+) 0.024 Total grass (-) 0.003 
   Total grass (-) 0.004 Plantago maritima (+) 0.008 Total sedge (-) 0.002 
   Total sedge (+) 0.046 Triglochin maritima (+) 0.000 Total forb (+) 0.006 
   Total rush (+) 0.010 Total sedge (+) 0.006 Total perennial (-) 0.002 
   Total forb (-) 0.000 Total rush (-) 0.001 Total monocotyledons (-) 0.000 
   Total dicotyledons (-) 0.001 Total forb (+) 0.000 Total dicotyledons (+) 0.000 
     Total dicotyledons (+) 0.000   
Table 5-6: Plant community variables showing significant differences (p<0.05) in % cover within the Abandoned plots for each year from 2003-2007 in upper shore 
grasslands, Tahu South 
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Juncus gerardii was the main rush species and its mean abundance varied greatly over the 
five years of the experiment, with the highest mean cover recorded in 2005 (48.5 % ±1.4).  
The mean abundance increased from 20.5 % ± 4.2 to 30.7 % ± 4.1 between 2003 and 2007 
gaining cover to the detriment of grass species.  
 
There were seven forb species representing between 9 % (2005) and 31 % (2007) of the 
total vegetation cover, of which Plantago maritima was the most abundant and frequent 
with a mean cover value of 9 % ± 1.3 and 12.7 % ± 1.6 in 2003 and 2007, respectively.  
Glaux maritima and Triglochin maritima were also continuously recorded within the 
control plots and showed significant variations in their mean abundance.  Although the 
lowest values were registered in 2005, an overall increase in mean abundance was 
experienced especially in the last two years, indicating that the two halophytes recovered 
from the low of 2005. 
 
The total grass and rush groups reflected the fluctuations of the main grass species and 
Juncus gerardii.  In addition, total forbs significantly increased in the last three years as a 
result of the higher covers of Plantago maritima, Glaux maritima and Triglochin maritima, 
which also affected the mean abundance of dicotyledons as P.maritima and Glaux 
maritima accounted for 90 % of the dicotyledonous species.  
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Figure 5-16: Mean (n=6, ± SE) percentage cover of species with significant differences (GLM, LSD 
post hoc, p-value<0.05) between years in the Abandoned plots, Tahu south. The * indicates levels of 
significant differences with the previous year with * < 0.05, **< 0.01 and ***< 0.001. The species are 
labelled with the abbreviated names listed in Appendix A.  
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5.3.3.2 Annual cover changes within cut plots 
Results showed that the composition of the plant community within the cut plot appeared 
as dynamic as the control plots. A total of 18 variables (bare ground and litter, eight plant 
species and eight functional groups) presented significant changes in their mean abundance 
over the course of the experiment (Table 5-7).   
 
Although few changes were observed the year following the implementation of cutting (i.e. 
2004), Carex glareosa disappeared and the number of significant differences increased and 
reached a maximum number between 2006 and 2007, when five species and six functional 
groups showed significant differences (Table 5-7).  
 
Bare ground, Agrostis stolonifera, Glaux maritima and Plantago maritima increased in 
mean abundance between 2003 and 2007 whilst Festuca rubra and litter decreased (Figure 
5-17). The mean cover of Juncus gerardii showed similar values in 2007 to that of 2003 
but varied throughout the experiment (Figure 5-17).  Bare ground was absent from the 
plots at the start of the experiment and presented a dramatic increase between 2005 and 
2007 when it ranged from 0.2 % ± 0.2 to 14 % ± 3.1 (Figure 5-17). Conversely, litter was 
abundant and frequent within the cut plots in 2003, with a maximum cover greater than 20 
% in a single quadrat. Its mean cover fluctuated over the five years but gradually decreased 
to mean values of 10.8 % ± 5 (Figure 5-17).  
 
Two grass species were consistently recorded during the experiment, with Festuca rubra 
abundant in the vegetation in 2003 with mean cover values of 32 % ±6.9 and a maximum 
cover of 50 % recorded within a single quadrat.  Agrostis stolonifera was present in all the 
quadrats but in relatively low cover at the start of the experiment but significantly 
increased.  Both grass species were equally represented within the cut plots by 2007 with 
mean abundance of 13.5 % ± 2.4 and 13.7 % ± 4.2 for F.rubra and A.stolonifera 
respectively.  
 
Significant differences in the mean cover of Juncus gerardii were observed between 2004-
2005, 2005-2006 and 2006-2007 (Table 5-7).  This rush species increased in 2005, 
representing up to 52.2 % ± 4.1 mean cover that year, and decreased the two following 
years (Figure 5-17).   
 Treatment 2003-2004 2004-2005 2005-2006 2006-2007 
 Variables p-value Variables p-value Variables p-value Variables p-value 
Cut Litter (-) 0.009 Festuca rubra (-) 0.000 Bare (+) 0.000 Juncus gerardii (-) 0.035 
 Carex glareosa (-) 0.045 Juncus gerardii (+) 0.002 Agrostis stolonifera (+) 0.000 Centaurium littorale (-) 0.049  
 Total perennial (+) 0.006 Glaux maritima (-) 0.000 Juncus gerardii (-) 0.024 Glaux maritima (+) 0.017 
 Total monocotyledons (+) 0.032 Plantago maritima (-) 0.001 Centaurium littorale (+) 0.049 Odontites vernus (-) 0.006 
   Triglochin maritima (-) 0.001 Glaux maritima (+) 0.016 Plantago maritima (+) 0.014 
   Total grass (-) 0.000 Plantago maritima (+) 0.003 Total rush (-) 0.018 
   Total sedge (-) 0.048 Triglochin maritima (+) 0.000 Total forb (+) 0.008 
   Total rush (+) 0.002 Total rush (-) 0.026 Total annual (-) 0.006 
   Total forb (-) 0.000 Total forb (+) 0.000 Total perennial (-) 0.015 
   Total dicotyledons (-) 0.001 Total dicotyledons (+) 0.000 Total monocotyledons (-) 0.000 
       Total dicotyledons (+) 0.003 
Table 5-7: Plant community variables showing significant differences (p<0.05) in % cover within the Cut plots for each year from 2003-2007 in upper shore 
grasslands, Tahu South 
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The two halophyte species, Glaux maritima and Plantago maritima, had relatively similar 
cover in 2003 and 2004, but decreased by 50 % and 75% respectively in 2005 (Figure 
5-17).  The positive and significant changes observed in 2006 and 2007 suggest that both 
species recovered from their low mean cover values of 2005.  Several species were 
affected between 2004 and 2005, and had their lowest mean values in 2005, such as 
Agrostis stolonifera, Glaux maritima, Plantago maritima, whereas litter and Juncus 
gerardii were the most abundant within the plots and dominated the vegetation accounting 
for more than 60 % of the total cover, which suggests that environmental factors could 
have interacted with cutting to the benefit of rush and litter accumulation.  
 
Of the two annual species, Centaurium littorale was only recorded in 2006 in two quadrats 
and disappeared the following years, whilst Odontites vernus, was present throughout the 
experiment with frequency ranging from 15 % to 66 % and a maximum cover of 4 % 
recorded within a single quadrat. In 2007, this species was only identified in a single 
quadrat although bare mean cover generally increased.  
 
Although changes were observed in the plant species cover, the composition of upper shore 
grasslands was characterised by grasses with a high proportion of rushes in 2003 and by 
2007, relatively equal proportion of grasses (mean of 36 %) and rushes (mean of 35 %).  
Significant changes were observed in total grass, total rush and total forb groups as well as 
monocotyledons, dicotyledons and perennial groups (Figure 5-17).  Forb and dicotyledon 
cover increased over the five years whereas grasses, rushes, perennials and 
monocotyledons decreased as bare ground increased. 
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Figure 5-17: Mean (n=6, ± SE) percentage cover of species with significant differences (GLM, LSD 
post hoc, p-value<0.05) between years in the Cut plots, Tahu south. The * indicates levels of significant 
differences with the previous year with * < 0.05, **< 0.01 and ***< 0.001. The species are labelled with the 
abbreviated names listed in Appendix A. 
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5.3.3.3 Annual cover changes between treatments 
Few significant differences between the abandoned and cut plots were observed during the 
study.  No differences were detected in 2003 and 2004, and only bare ground, Plantago 
maritima, Triglochin maritima and total grass cover fluctuated significantly thereafter.   
 
2005 2006 2007 
Variables p-value Variables p-value Variables p-value 
Plantago maritima 
(A>Ct) 
0.047 Plantago maritima 
(A>Ct) 
0.043 Bare (Ct>A) 0.006 
  Triglochin maritima 
(A>Ct) 
0.013 Plantago maritima 
(A>Ct) 
0.032 
    Total grass (Ct>A) 0.041 
Table 5-8: Plant community variables showing significant differences (p<0.05) in % cover between the 
Cut (Ct) and Abandoned (A) plots for each year from 2003-3007 in upper shore grasslands, Tahu 
South 
 
Plantago maritima showed the most significant differences between the abandoned and the 
cut plots, although the mean abundance displayed similar trends under both treatments, 
with a decrease in 2005 then a recovery in 2006 and 2007 (Figure 5-18).  The cut plots 
however, had lower abundance in 2003 and this trend was maintained and exacerbated 
during the five years of the study compared to the abandoned plots, suggesting a negative 
effect of cutting on this halophyte plant species.  Both cut and control plots had 
comparable mean abundance for Triglochin maritima in 2003, which increased during the 
five years, except in 2005. The cut plots maintained a higher cover except for 2006 when 
the abandoned plots showed a significantly higher mean abundance of 6.3 % ± 0.8 (Figure 
5-17).  
 
Although bare ground was absent from the quadrats between 2003 and 2005 in both 
treatments, it increased rapidly in the cut plots where it represented 14 % ± 3.1 by 2007 
whilst the abandoned plots had a mean cover of 3.2 % ± 1.5, indicating the positive effect 
of cutting in opening the sward (Figure 5-17). 
 
Finally the total grass cover was positively affected by cutting in 2007, as the cut plots had 
significantly higher mean abundance in 2007 compared to the control plots, however 
overall the total mean cover of grass decreased at the expense of litter, rush and forb 
species.  Interestingly, the few significant differences between abandoned and cut 
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treatments occurred in the last three years of the study, with 2007 accounting for most 
(Table 5-8). This suggests that upper shore grasslands are relatively stable communities 
and have a slow response to cutting.   
 
 
Figure 5-18: Mean (n=6, ± SE) cover of species with significant differences (GLM, LSD post hoc, p-
value<0.05) between Abandoned (■) and Cut (□) from 2003 to 2007. The * indicates levels of significant 
differences with *<0.05, **< 0.01 and ***<0.001.  The species are labelled with the abbreviated names listed 
in Appendix A. Note the different axis scales. 
 
5.3.4 Diversity at Tahu South 
5.3.4.1 Species richness 
No significant differences in species richness were observed between the abandoned and 
the cut plots (Figure 5-19). Similar trends in the variations of species richness over the five 
years affected both cut and abandoned plots, although the abandoned plots showed greater 
variations in species richness over time.  The cut plots reached a peak in 2005 with an 
average of 9.3 ± 1.2 species per 4m² then decreased to 7.8 ± 0.7 per 4m² in 2007.  The 
abandoned plots had a maximum species richness in 2006 with 10 ± 0.4 species per 4m², 
which reduced the following year to 8.8 ± 0.5 per 4m²  (Figure 5-19).. 
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Figure 5-19: Mean (n=6, ± SE) species richness in Abandoned (■) and Cut (□) plots for Tahu South for 
2003-2007 
 
5.3.4.2 Shannon-Wiener (H’) and Simpson’s (D’) diversity index 
 
Figure 5-20: Mean (n=6, ± SE) Shannon-Wiener (a) and Simpson’s (b) diversity index for the 
Abandoned (■) and the Cut (□) plots for 2003-2007 
 
Both Shannon-Wiener and Simpson’s diversity index scores increased over the study with 
the exception of 2005.  No significant differences between the cut and abandoned values 
were observed during the course of the experiment.  However significant changes were 
recorded within the cut and abandoned plots between 2005 and 2006 as the diversity 
increased from H’2005= 1.264 ±0.062 to H’2006= 1.761 ±0.084 and from H’2005= 1.145 ± 
0.085 to H’2006= 1.601 ± 0.070 in the abandoned and cut plots, respectively.  Results for 
the Simpson’s diversity index present similar observations in regards to the general 
increase in both treatments, except for 2005 when it decreased.  The cut plots had higher 
scores in 2003 and 2004, whilst the abandoned plots showed higher values in 2005 and 
2006, until the cut plots recovered in 2007.   
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5.3.4.3 Shannon-Wiener (J) and Simpson’s (ED’) evenness index 
No significant differences between the abandoned and cut plots were observed for both 
evenness indices (Figure 5-21).  Similar trends were noticed under both treatments, with an 
overall increase in evenness, except for 2005.  The lowest values were recorded in 2005, 
possibly caused by the abundance of Juncus gerardii, which composed almost 50% of the 
total vegetation.  Between 2003 and 2006 the cut plots had slightly lower evenness values 
than the abandoned plots.  This trend was reversed in 2007 when the cut plots showed 
higher values for the Shannon-Wiener evenness index (JCut= 0.824 ± 0.018 and JAbandoned= 
0.768 ± 0.025) and the Simpson’s index (EDCut = 0.57 ± 0.04 and EDAbandoned=0.455 ± 0.03) 
suggesting a cutting effect promoting evenness within the vegetation (Figure 5-21). 
 
 
Figure 5-21: Mean (n=6, ± SE) Shannon-Wiener (a) and Simpson’s (b) Evenness index for the 
Abandoned (■) and the Cut (□) plots for 2003-2007 
 
5.4 Discussion 
This study investigated the responses of coastal wet grasslands to changes in management 
practices.  The analysis compared the effects of low-intensity grazing to annual cutting and 
short-term abandonment.  The effects of reinstating management, in the form of cutting, 
were also examined in long-term abandoned grasslands.  
 
5.4.1 Responses to changes in management practices (Tahu North) 
Annual variations were observed in the composition of the plant communities during the 
five years of the study regardless of the type of management applied.  Annual variations 
affected a greater number of variables in the cut plots (22 variables) compared to the 
grazed and abandoned plots (19 and 15 respectively) but similar trends were observed 
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between the treatments.  Annual fluctuations in species abundance have been reported in 
Californian coastal grasslands (Kotanen, 1997) and in Finnish meadows (Huhta, 2001) as a 
result of climatic and edaphic variations.  These previous studies highlighted the effects of 
variations in precipitation and ground water levels, which could also be possible in 
Estonian coastal wet grasslands.  Furthermore, Keddy (2001) stressed the importance of 
edaphic factor and showed that 50% of the composition of wetland plant communities is 
governed by hydrology. 
 
Regular and low-intensity management, namely grazing, is frequently associated with 
nature conservation in semi-natural grasslands as it maintains high botanical diversity and 
contributes to landscape heterogeneity due to micro grazing patterns (Bakker, 1998, 
Rossignol et al., 2006).  The disturbance generated creates openings in the vegetation, 
which are essential for species establishment through either seedling emergence (e.g. 
Centaurium littorale) or vegetative growth (e.g. Agrostis stolonifera).  The results, 
however, of the current study showed that cutting instigated more rapid changes in the 
amount of bare ground when compared to grazing, which is contradictory to previous 
studies (Bakker, 1989, Duffey et al., 1974, Pykälä, 2000).  For example, Chytrý et al. 
(2001) showed that cutting in a heathland was associated with limited or in some cases no 
gap formation.  A recent study by Bonanomi et al. (2006) identified a strong and positive 
interaction between low litter cover and the occurrence of biennials and annual species in 
Mediterranean grasslands.  Bonanomi et al. (2006) did not observe significant differences 
in the abundance of annuals between cut and grazed plots in the studied wet grassland, 
even though cutting was more efficient than grazing in removing litter and increasing bare 
ground.  This suggests that annual species, mainly represented by Centaurium littorale, did 
not respond to the change in management practice, or that the level of disturbance was too 
low to favour annuals at the expense of perennial species.  
  
Results also showed that cutting maintained higher abundance of forb species and lower 
grass abundance, as suggested by Benstead et al. (1999).  This could be explained by the 
higher proportions of Triglochin maritima and Plantago maritima recorded in the cut plant 
community compared to the grazed, where these two species could have been negatively 
affected by trampling.  Similarly, Tyler (1969) highlighted the negative impact of grazing 
upon these salt-tolerant species as a result of leaf destruction by trampling, whereas Jutila 
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(1999) monitored an increase in several salt-tolerant species (e.g. Plantago maritima and 
Glaux maritima) within grazed areas of sea shore grasslands in Finland.   
 
The research has showed that the low grazing intensity applied at Tahu North positively 
affected species richness over the five years.  Evenness indicated that the composition of 
the plant community was unevenly distributed, and may result from grazing micro-
patterns.  Cid et al. (2008) described the relationship that exists between grazing density 
and patchiness, where greater patchiness and heterogeneity were correlated with lower 
stocking density, and supported greater species diversity.  Findings from Jutila (1997) 
showed that moderate grazing reduced the diversity of seashore grasslands due to the 
additional impact of environmental conditions (i.e. water level fluctuations) as these 
created higher levels of stress and disturbance, whilst low-intensity grazing has been 
recognized to maintain and enhance biodiversity and is often recommended for 
conservation management  (Bakker, 1989, Benstead et al., 1999).  Thus, the low-grazing 
intensity applied upon the grasslands studied in this research programme may be too low to 
maintain an open and short plant community in contrast to cutting.   
 
Festuca rubra declined throughout the course of the experiment, particularly in the cut 
plots, where Agrostis stolonifera became more abundant.  Grazed plots also showed a 
decline in abundance of F.rubra but it remained the dominant grass.  These findings are 
largely in accordance with Jutila (1999), who highlighted the positive impact of grazing in 
maintaining a high abundance of Festuca rubra.  Interestingly, it appears that grazing did 
not have a similar effect for F.rubra in these upper shore grasslands.  Agrostis stolonifera, 
the second most abundant grass species, showed a greater increase in response to cutting 
when compared to grazing, even though a general increasing in abundance was observed 
irrespective of the type of management over the five years.  Cutting could have resulted in 
a decrease in the competitive advantage of the dominant or most abundant species (in the 
current study Festuca rubra), as it is often the case following disturbance (Glenn-Lewin 
and Van der Maarel, 1992), in favour of A.stolonifera.  An alternative hypothesis is that 
cutting could have also compounded the effect of a fluctuating hydrology so that as 
Festuca rubra could not withstand competition from A.stolonifera under waterlogged 
conditions (Rodwell et al., 2000).  .  
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5.4.2 Short-term successional changes in response to grazing cessation (Tahu North) 
Secondary succession is a long-term process that can occur in semi-natural grassland 
following management cessation or changes in the environmental conditions.  Secondary 
succession is, however, also a scale-specific process (Brand and Parker, 1995) that varies 
depending on spatial scale (e.g. patch) and temporal factors (Bazzaz, 1996).  Persson 
(1984) described the changes in composition of a meadow over 24 years following 
management cessation and observed that low-growing and rosette plant species 
disappeared at the expense of tall herbaceous species and bare ground as competition for 
light and nutrients increases and favours the tall and erect species.  Competition is 
therefore considered a principal factor ruling successional changes in these systems and its 
impact increases over time (Keddy, 2001).   
 
Although the newly abandoned sites showed a slight increase in bare ground cover over the 
five years of the study, significantly higher litter cover was also observed after five years 
of abandonment.  A decrease in gap density and the accumulation of litter commonly 
typifies abandoned semi-natural grasslands and has been reported in several studies when 
management ceased (Facelli and Pickett, 1991, Jensen and Schrautzer, 1999, Truus, 1998).  
However, Olff et al., (1994) reported significant differences between dry and wet 
grasslands when linked to successional changes.  Dry grasslands showed more rapid 
changes in the plant community structure with a rapid decrease in gap density within the 
first 7 years, whereas wet grasslands still showed relatively important gap density after 25 
years of abandonment (Olff et al., 1994).  In relation to changes in life-forms and strategies 
during succession, Osbornovà et al. (1990) found that a mesic grassland showed greater 
changes compared to a more xeric grassland. 
 
Results showed that Centaurium littorale, an annual species, was poorly represented but 
that low-growing Leontodon autumnalis was consistently present and increased in the 
abandoned plots over the course of the experiment.  These two forb species depend on 
periodic disturbance to persist (Grime et al., 1992), but it appears that the lack of 
management affected C.littorale more rapidly, while L.autumnalis, a typical species of 
short grasslands, was still present and increased over the five years of abandonment.  The 
morphological plasticity attributed to L.autumnalis may have contributed to its success, as 
it produces elongated and erect leaves in taller grasslands (Grime et al., 1992), enabling the 
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species to persist following management cessation.  These results are in accordance with 
Bazzaz (1996), who generalised the dominance patterns emerging during secondary 
succession, and underlined the rapid disappearance and seedling suppression of annuals 
(e.g. Centaurium littorale).  Bazzaz (1996) showed that annuals were outcompeted by 
perennials and short-lived perennial forbs in the first year of abandonment.  Similar 
successional pathways, with early colonisation of annual and biennial species replaced by 
perennials then shrubs and trees, were also described in other habitats (e.g. wet old fields, 
spoil heaps and peatland)  following human-induced disturbance where successional rates 
depended on soil moisture (Prach and Pyšek, 2001, Prach et al., 1999).   
 
The abundance of grass species in the abandoned community was higher than in the 
managed vegetation.  This could result from differences in seedling morphology, as grass 
seedlings grow in an erect form in contrast to the horizontal expansion of many forb 
species, as  observed by Jensen and Gutekunst (2003) in abandoned or late-successional 
stages of grasslands.  
 
No significant decrease in species richness was noticed after five years of management 
cessation, even though late successional stages are commonly associated with low-
diversity as competitive exclusion eliminates the competitively weak species (Bazzaz, 
1996).  The rate of changes during secondary succession depends on the environmental 
gradients experienced in-situ. Olff et al. (1994) observed differences in succession rates 
and germinantion at a local scale, between the dry and wet variants within a grassland. The 
dry variant showed more rapid successional changes than the wetter area, which could be 
related to differences in temperature, as the warmer dry variant favoured germination.  
 
In summary, changes in the plant community composition after five years of grazing 
cessation lead to few significant differences.  However, annuals were replaced by perennial 
forbs and perennial grass species dominated.  There is growing interest in efforts which 
seek to restore and maintain wet grassland plant communities in an early successional 
stage, as these semi-natural grasslands frequently sustain high biodiversity.   
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5.4.3 Response to reinstating management practices (Tahu South) 
Significant annual variations in the abundance of many species were observed in both 
abandoned and managed grasslands over the five years of the experiments.  Results 
showed however, that irrespective of the management applied, great similarities in trends 
and patterns were observed in species abundance in both abandoned and cut vegetation.  
No significant differences were observed in the first two years following cutting, as the 
plant communities in both management types evolved in the same direction, possibly under 
a more predominant influence than cutting (e.g. hydrology).  Güsewell (2003) also 
reported variability in species abundance in fen meadows and suggested that, because of 
natural population fluctuations, it can be difficult to attribute variations to management 
practices.  
 
Changes from the third year onwards applied to only a few species, mostly halophytes, and 
bare ground.  Abandonment maintained higher abundance of Plantago maritima over the 
course of the study, and Triglochin maritima remained in relatively stable abundance in the 
cut plots.  Although in a previous study, P. maritima was reported to be taller with cut 
management (Wallentinus, 1973), this species is vulnerable to trampling (Tyler, 1969), 
which suggests that cutting and trampling during the fieldwork could explain the low-
abundance in the cut plots.  Bare ground was significantly increased with cutting, but the 
effects were not immediate and significant changes were observed only from the third year 
onwards.  Disturbance generates gaps and micro-sites that are important for the 
regeneration and structure of the plant community (Baldwin and Mendelssohn, 1998, 
Grubb, 1977).  However, the appearance of bare ground was not associated with annual 
species and cut plots showed lower species richness than the abandoned plots, which 
contrasts with other studies where cutting enhanced diversity (Bakker, 1989, Bakker et al, 
2002, Grootjans et al, 2006).  
 
Results in the third year showed that the plant community shifted from one with Festuca 
rubra abundant to a wetter community type, where Juncus gerardii dominated. This 
change resulted in a more homogeneous sward (high evenness) and could possibly indicate 
changes in the hydrological dynamics between years.  However within two years, Juncus 
gerardii reverted to former abundance levels.  These rapid changes attest to the high 
capacity of wet grasslands to adapt to environmental conditions.  Toogood et al. (2008) 
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also reported rapid changes in wet grassland community types in response to water regime 
over a short time scale.  
 
A lack of management commonly involves the appearance and establishment of 
competitive grasses at the expense of less-competitive species (Grime, 1979).  In Estonian 
coastal wet grasslands, two species are regarded as encroaching (Phragmites australis and 
Elytrigia repens) and P.australis shows the greatest expansion (Truus, 1998).  Although 
these upper shore grasslands were abandoned for more than 20 years, P. australis was not 
recorded within studied vegetation.  Other Estonian sites have been abandoned for less 
than 20 years and have seen a rapid and total encroachment of the wet grasslands 
(Burnside et al., 2007).  Prach (1993) established that soil moisture and nutrient 
availability are key factors in determining the rate of succession, suggesting that these 
nutrient-poor grasslands with their dynamic hydrology prevented Phragmites australis 
from establishing.  
 
5.5 Conclusion 
A better understanding of the responses of coastal wet grasslands to changes in 
management practices and reinstating cutting is important for the conservation of these 
semi-natural communities.  There is a growing concern to restore and maintain these plant 
communities at an early successional stage so that they can sustain high biodiversity.  One 
of the key findings of this study was that wet grassland plant communities seemed to 
respond to environmental conditions rather than management.  Few significant changes 
were observed when management was restored at both study sites.  Instead, environmental 
stimuli seemed to prompt rapid changes involving species turnover and affecting the 
community dynamics with dominance shifting from Festuca rubra to Juncus gerardii-
Agrostis stolonifera. 
 
Grazing has been reported as a traditional restoration and conservation tool that has proved 
essential to maintain an active gap dynamic, as the trampling and hoof prints create 
openings in the vegetation sward.  However, in this study the lack of significant results 
implies that the grazing intensity used could be too low, and it could be suggested that to 
stocking rates are increased for future conservation.  In addition, the comparable responses 
recorded under grazing and cutting for most of the species indicate that these two 
Chapter 5 Tahu   182 
management practices could be equally effective.  The few significant changes following 
cutting of the abandoned grassland showed that the composition of the upper shore 
grasslands was dependant upon prevailing environmental conditions, and that 
management-related disturbance appeared to be too low to restore the community.  
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6 Effects of disturbance on encroached coastal wet grasslands 
Chapter six of this thesis describes the effects of different disturbance intensities upon 
abandoned coastal wet grasslands that have been encroached by Phragmites australis and 
Elytrigia repens.  The first part of this chapter defines disturbance and its importance in 
ecosystem functioning. The latter section contains a description of changes in both plant 
communities under different disturbance intensities and a discussion. 
 
6.1 Introduction 
Disturbances are key elements on which depend ecosystem dynamics, plant community 
composition and plant species establishment.  Grime (1979) defined disturbance as “the 
mechanism which limits the plant biomass by causing its partial or total destruction” and 
focussed on the direct effect on plants.  Sousa (1984) underlined the effects of disturbance 
at the community level through “discrete, punctuated, killing, displacement, or damaging 
of one or more individuals that directly or indirectly create an opportunity for new 
individuals to be established”.  Moreover, White and Pickett (1985) described disturbance 
as “any relative discrete event in time that disrupts ecosystem, communities, population 
structure and changes resources substrate availability or the physical environment”.  These 
three definitions effectively summarize the direct and indirect effects of disturbance on 
vegetation at the landscape scale down to the plant individual scale.  It is important to 
differentiate the origins of disturbance as its impact on the vegetation varies. 
 
Disturbance can be classified into two categories: natural disturbance and “artificial or 
human-made disturbance” (Grime, 1979).  Natural disturbance includes climate related 
events such as storms, floods, fires or frost as well as trampling, burrowing or grazing by 
wild animals.  Natural disturbance takes place randomly, spatially, and temporally whereas 
artificial disturbance is planned.  This latter type of disturbance includes mowing, hay-
cutting, livestock grazing, deforestation or drainage for example.  The timing of 
disturbance is important as its impact on the vegetation will differ if it occurs at the start or 
end of the growing season (Laubhan, 1995).  In addition the frequency of the disturbance 
increases its impact on the vegetation.  Although coastal and wetland vegetation are rather 
resilient and resistant habitats (Keddy, 2000) often characterized by frequent disturbances 
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(e.g. floods), these events compromise the growth of short stress-tolerating species by 
favouring fast-growing plant species adapted to fluctuating water levels.  
 
Ecosystems are defined by their structural and functional complexity, which is often 
measured by their diversity and the interactions existing between the plant species present.  
The frequency and intensity of disturbance will impinge on species diversity.  The 
relationship is schematised in Figure 6-1 and was defined by Grime (1979) as the 
Intermediate disturbance hypothesis.  At high and/or frequent disturbance, species diversity 
is relatively low as the generated stress from disturbance prevents the establishment and 
growth of most species allowing only a few tolerant and adapted species to grow.  
Contrarily, under infrequent and/or low levels of disturbance, competitive exclusion is the 
driving factor shaping vegetation dynamics.  The community is dominated by a few highly 
competitive species that are able to mobilise resources faster than the less-competitive 
species.  However, at intermediate disturbance level, competition and disturbance stress are 
relatively low permitting a wider range of species to establish and increasing species 
  
 6-1: Species diversity curve under different disturbance intensity and frequency (Based on 
Grime, 1979) 
 
Disturbance (e.g. cutting, grazing, fires, floods) removes the above ground vegetation, and 
lowers the sward height (Laubhan, 1995; Bakker, 1998; Dupré and Dickmann, 2001) and 
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also increases the amount of bare ground and “microsites” (Crawley, 1997b; Hirst et al., 
2001), and habitat diversity (Grubb, 1977).  Recruitment and regeneration in plant 
communities are ecological concepts closely linked and dependant on gap creation and 
dynamics through the increased opportunities for plant species to disperse their seeds, and 
seedling emergence and establishment (Fenner and Thompson, 2005).   
 
In grassland communities, perennial species are highly represented and tend to reproduce 
by vegetative multiplication, facilitating colonization and local dominance for some 
species (Grime, 1979; Fenner and Thompson, 2005).  For example, Elytrigia repens, a 
herbaceous perennial grass, is as commonly abundant in abandoned arable fields as it is in 
Estonian coastal wet grasslands.  Its rapid growth, rhizomatous roots and clonal capacity 
make the grass very dominant resulting in an increase in interspecific competition in the 
absence of disturbance (Svensson et al., 2005).  In contrast, under frequent and intense 
disturbance annual species are more favoured.  Although annual plant species are often 
described as poor competitors due to the conditions required to complete their reproductive 
cycle, they seem to present adapted characteristics enabling them to sustain and survive 
disturbance episodes.  In particular, a rapid reproductive cycle, added to the capability of 
surviving a stressful environment through a state of seed dormancy, facilitates gap 
colonization and persistence in plant communities (Crawley, 1997a; Fenner et al.1999).  
 
The changes in species composition and ecosystem functioning due to disturbance result in 
altered ecosystem stability.  The stability of an ecosystem is defined by “its ability to 
remain unchanged or in equilibrium when facing perturbations” (Pimm, 1984; Leps and 
van der Maarel, 2005; Leushner and van der Maarel, 2005) and is comprised of two 
components: resilience and resistance (Orwin and Wardle, 2004).  Resilience is usually 
conceptualised as the “speed with which a system returns to its pre-disturbed level 
following disturbance” (Pimm, 1984; Mitchell et al., 2000; Orwin and Wardle, 2004; Leps, 
2005b) and resistance is expressed by the persistence of structural and functional attributes 
of an ecosystem over time.  Gunderson (2000) schematized the changes in ecosystem 
stability under disturbance events with the “ball and heuristic cup model” (Figure 6-2).  
The ball symbolises the ecosystem, the cup the stability domain, the slope is the resistance 
and the resilience is the distance between the bottom of the cup and the top of the lip.  
Figure 6-2a shows a change in stability domain with higher resistance and resilience 
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whereas in Figure 6-2b the new stability domain has a wider cup with “flatter” slope, 
therefore a lower resistance and resilience less capable of absorbing disturbance.  
 
Figure 6-2: The ball and cup heuristic model (Gunderson, 2000) 
 
In Estonian coastal wet grasslands, a lack of disturbance such as management leads to 
encroachment and dominance of competitive grass species such as Elytrigia repens and 
Phragmites australis, and loss of diversity.  So reinstating disturbance may help to restore 
diversity and characteristic species.  In practice the application of disturbance aims to 
displace the stability due to alterations in the ecological processes (e.g. competition, 
succession) and modifications of inter-specific and intra-specific relationships, which will 
result in habitats of high structural and species diversity of high conservation value 
(Mitchell et al., 2000).  Lower levels of competition and dominance tend to promote less 
competitive species adding to the overall diversity of the plant community.  However, 
coastal wet grasslands are characterized by frequent natural disturbance of variable 
intensity levels (e.g. flooding, high ground water level or ice).  Hence, it is important to 
identify the limits and thresholds of coastal wet grassland stability against different levels 
of disturbance to support conservation management decisions and practices, and help 
justify interventionist attitudes for obtaining the desired habitat or promote certain 
assemblages of plant species (Mitchell et al., 2000). 
 
The aims of this experiment were to investigate the responses of two encroaching and 
highly competitive species, Elytrigia repens and Phragmites australis, and the “host” plant 
communities to different disturbance intensities in order to establish appropriate 
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disturbance intensities and management methods to restore characteristic wet grasslands.  
The objectives were to examine changes in plant community composition and species 
abundance under increasing levels of disturbance. 
 
6.2 Study site and methods 
6.2.1 The study site 
The study site was located on Rumpo peninsula, in the southeast part of Vormsi island 
(58º58’52.45”N; 23º06’04.63”E) within the Rumpo special protection zone (Figure 6-3). 
This protected area covers approximately 1425 ha and lies on a calcareous bedrock which 
is still actively rising due to land uplift (Vallner et al., 1988). The topography is relatively 
low and is frequently inundated by the Baltic Sea.  
 
Figure 6-3: Location of the study sites at Rumpo peninsula. The  indicates the Phragmites australis 
enclosure and the  indicates the Elytrigia repens enclosure 
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The Rumpo peninsula was grazed by sheep and cattle but suffered from grazing cessation 
over the last decade, which resulted in an increase in shrubs (Juniperus communis) and tall 
grass species (i.e. Phragmites australis, Elytrigia repens) (Figure 6-3, Plate 6-1 and Plate 
6-2).  However, management was reinstated in 2005 using late summer mowing combined 
with low intensity cattle grazing from early spring to late summer in a restoration 
programme to reduce the cover of Phragmites australis and Elytrigia repens. 
 
 
Plate 6-1: Rumpo peninsula. Note the encroachment of Juniperus communis between the forest fringe and 
the coast.   
 
Plate 6-2: Dense reedbed on the coastal fringe of Rumpo peninsula.  
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6.2.2 Methods 
In June 2005 two enclosures of 14 m x 14m were selected and surveyed in a Phragmites 
australis encroached patch and the second in an Elytrigia repens patch.  The areas were 
enclosure to prevent further disturbance by wild animals or grazing livestock.  Each 
enclosure included 35 quadrats of 1 x 1 m² permanently fixed by metal poles in opposite 
corners to allow easy recovery with a metal detector every year.  Quadrats were between 
0.75 and 1m apart to provide a buffer zone between the treatments. Each site was surveyed 
twice a year in June and August during the summers of 2005, 2006 and 2007. The June 
2005 surveys were performed before the application of the treatments. Five treatments with 
seven replicates were randomly applied once in June 2005 in each site. The treatments 
represented a gradient of disturbance levels labelled as: Control (nControl=7), Litter 
(nLitter=7), Cut (nCut=7), Top soil (nTop=7) and Deep soil (nDeep=7) (Table 6-1).  
 
Intensity level Treatment Description of disturbance 
0 Control No disturbance 
1 Litter  Remove litter 
2 Cutting Remove litter + vegetation 
3 Top soil disturbance Remove litter + vegetation + rotavation at 5 cm depth 
4 Deep soil disturbance Remove litter + vegetation + rotavation at 10 cm depth 
Table 6-1: Disturbance treatments applied on the vegetation 
 
The control treatment was undisturbed throughout the study. The Litter disturbance 
treatment consisted of removing the litter by hand without damaging the standing 
vegetation (Plate 6-3 a).  In the Cut plots, the standing vegetation was cut at 3-4 cm high 
using shears and then the litter and cut biomass were removed from the plots (Plate 6-3 b).  
In the Top soil disturbance plots, the vegetation was cut, litter was removed and then the 
soil was rotavated at a depth of 5 cm (Plate 6-3 c) using a spade.  For the Deep soil 
disturbance, the vegetation was cut, litter removed and the soil was rotavated at a depth of 
10 cm (Plate 6-3 d). 
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a) 
 
 
 
 
 
 
 
 
 
 
 
In the Phragmites australis study site the plant community was primarily comprised of 
halophytes and wet-tolerant species, typical of lower shore communities (Burnside et al., 
2007). The vegetation was characterised by an abundance of Phragmites australis, which 
represented more than 27 % of the mean total cover and was accompanied by Juncus 
gerardii with 21.3 % ± 2.  Eleocharis palustris was the third most common species 
covering more than 15 % (Table 6-2).  Litter had 100 % frequency and a mean cover of 
10.5 % ± 0.9 with a maximum of 25% within a single quadrat.  Seven forb species were 
recorded with the highest mean abundance allocated to Galium palustre (4.7 % ± 0.7) and 
Triglochin maritima (1.8 % ± 0.2) (Table 6-2).   
 
 
 
 
 
Figure 6- 
 
 
d) c) 
b) 
Plate 6-3: Effects of different disturbance intensity treatments: Litter (a), Cut (b), Top soil (c) and 
Deep soil disturbance (d).  
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Variables Phragmites australis area  Elytrigia repens area 
 Mean  SE  Mean  SE 
Bare 8.31 ± 1.21  6.06 ± 0.90 
Litter 10.51 ± 0.95  11.54 ± 1.17 
Moss 0.66 ± 0.27  0.06 ± 0.04 
Lichen 0.03 ± 0.03  3.54 ± 0.67 
Agro sto 9.00 ± 1.15  0.94 ± 0.47 
Ely rep 0.00 ± 0.00  42.89 ± 2.05 
Fest rub 0.00 ± 0.00  0.14 ± 0.14 
Phrag aust 27.26 ± 1.18  13.71 ± 1.03 
Poa prat 0.00 ± 0.00  0.34 ± 0.14 
Bly ruf 1.09 ± 0.35  0.00 ± 0.00 
Cx dist 0.00 ± 0.00  0.11 ± 0.07 
Eleo pal 15.03 ± 1.08  0.00 ± 0.00 
Jun ger 21.34 ± 1.97  2.06 ± 0.75 
Bolb mar 0.00 ± 0.00  0.86 ± 0.28 
Iso set 0.03 ± 0.03  0.00 ± 0.00 
Scho lac 0.51 ± 0.15  0.00 ± 0.00 
Atrip pat 0.09 ± 0.06  0.09 ± 0.05 
Gal pal 4.74 ± 0.67  7.14 ± 0.98 
Glx mar 0.06 ± 0.04  0.11 ± 0.05 
Leon aut 0.69 ± 0.08  1.34 ± 0.15 
Odo ver 0.00 ± 0.00  0.23 ± 0.08 
Plant mar 0.03 ± 0.03  0.00 ± 0.00 
Pot ans 0.00 ± 0.00  3.03 ± 0.57 
Ran acr 0.00 ± 0.00  0.06 ± 0.04 
Sag nod 0.06 ± 0.04  0.20 ± 0.07 
Son arv 0.00 ± 0.00  3.89 ± 0.61 
Trif prat 0.00 ± 0.00  0.31 ± 0.08 
Trigl mar 1.17 ± 0.19  0.17 ± 0.09 
Val off 0.00 ± 0.00  0.86 ± 0.22 
Vic crac 0.00 ± 0.00  0.63 ± 0.16 
    
 
   
Species richness 7.74 ± 0.19  8.69 ± 0.40 
    
 
   
Table 6-2: Mean % cover (n=35, ± SE) for bare, litter and species identified in June 2005 at each study 
site. The species are labelled with the abbreviated names listed in Appendix A. 
 
The second site was dominated by grass species, primarily represented by Elytrigia repens 
(42.9 % ± 2.1), which constituted 73 % of the total grass species.  Phragmites australis 
was the second most abundant species with a mean cover of 13.7 % ± 1.0 (Table 6-2).  
Forb species accounted for more than 18 % of the total cover distributed between 13 
species.  Galium palustre, Sonchus arvensis and Potentilla anserina were the most 
frequent and abundant species with respective mean cover of 7.1 % ± 1, 3.9 % ± 0.6 and 
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3.0 % ± 0.6.  Litter accounted for more than 11 % mean cover and bare ground had a mean 
cover of 6.06 % ± 0.9 and was recorded in all quadrats.  
During the survey, plant species, bare ground and litter abundance was recorded using 
percentage cover estimates visually.  The Phragmites australis enclosure was not surveyed 
in August 2007 due to flooding.   
 
6.2.3 Statistical analysis 
Changes in the floristic composition in each plant community were described using species 
abundance in each treatment between 2005 and 2007.  Cover percentages for each species 
were arcsine transformed to verify the normality assumption necessary for further 
statistical tests.  Multivariate analysis using Detrended Correspondence Analysis (DCA) 
was first performed to give a summary of any changes and variations in the plant 
communities (MVSP, 2003).  Changes were further studied using mean abundance (n=7) 
for each treatment with General Linear Model (GLM) and Least Significant Difference 
(LSD) post hoc testing to detect any changes within (i.e. annual variations) and between 
(i.e. treatment effect) the treatments.  The analysis was performed for each species, 
functional groups (i.e. grasses, rushes, sedges and forbs; annual and perennials), and 
taxonomic group (i.e. monocotyledons and dicotyledons) and variables showing significant 
differences with means greater than 5 % were graphically represented.   
 
Pearson’s correlation was used to detect relationships between the different disturbance 
levels and other parameters such as DCA axes and species richness.  Shannon-Wiener and 
Simpson’s Diversity and Evenness indices were calculated to assess changes in the 
diversity of each community between the control and treatment plots.   
 
6.3 Results 
6.3.1 Effects of disturbance on a Phragmites australis encroached plant community 
6.3.1.1 Effects of disturbance on the community composition 
A Detrended Correspondence Analysis was performed using the data collected for each 
treatment between June 2005 and June 2007 (Figure 6-4 and Figure 6-5).  Axis one 
accounted for 22 % (eigenvalue: 0.07) of the variation within the plant communities whilst 
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axis 2 accounted for 17 % (eigenvalue: 0.05).  The sample points were closely grouped 
with low score values along axes 1 and 2 in June 2005, at the start of the experiment.  
Although the gradients of axis 1 represent less than 1 standard deviation, which is 
insufficient for a complete species change between the communities (Jongman et al., 
1995), those on axis 2 are greater than 1 standard deviation indicating that substantial 
changes in species abundance and composition occurred.  The changing distribution of the 
control point scores suggests that the composition of the plant community varies seasonally 
as well as annually.  Between August 2005 and June 2007, the distribution of the treatment 
point scores show positive and significant correlations with the level of disturbance and 
both axes (Axis 1: Pearson correlation=0.446, p=0.000 and Axis 2: Pearson 
correlation=0.276, p=0.000).  For low intensity disturbance (litter) the point scores have 
lower values on both axes and are closer to the control point scores, compared to the most 
disturbed point scores (deep) that exhibit high point scores values on both axes and are the 
furthest from the control point scores.  Thus, a sequence appears in the distribution of the 
point scores with litter, cut, top and deep soil points echoing the increasing level of 
disturbance.  Dispersion of the treatment point scores compared to the control point scores 
was greatest immediately after the application of the treatments and reduced over the 
course of the experiment.  A disturbance intensity sequence still appears in the ordering of 
the point scores compared to the control one in June 2007 with litter (the closest), cut, top 
and deep soil disturbance (the furthest) (Figure 6-5.)  
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Figure 6-4: Detrended Correspondence Analysis diagram (DCA) of control, litter, cut, top and deep 
soil treatments in  the Phragmites australis plant community based on mean (n=7) abundance of species 
and standard errors of the mean. Each point is labelled according to the sampling date. 
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Figure 6-5: Summary of the point score distribution of the DCA for each treatment in the Phragmites 
australis community. Each sampling period are labelled using 1=June 2005, 2=August 2005, 3=June 2006, 
4= August 2006 and 5=June 2007. 
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6.3.1.2 Effects of disturbance on species abundance  
Comparison of species abundance for each treatment revealed that eight species in the 
Phragmites australis-encroached community (Agrostis stolonifera, Phragmites australis, 
Eleocharis palustris, Juncus gerardii, Atriplex patula, Galium palustre, Leontodon 
autumnalis and Triglochin maritima) were the commonest species across all treatments 
and showed the greatest number of significant changes in mean abundance (Table 6-3). 
 
After the application of treatments in August 2005, all treatments showed significant 
differences in mean abundance (Table 6-3) compared to the control plots, with the deep 
soil disturbance showing the greatest number of species with significant changes (4 
species).  Significant changes in species abundance between treatment and control were 
observed throughout the study with the highest number of species affected (a total of 12) 
during summer 2006 (Table 6-3).  By June 2007, litter and cut plots showed the least 
significant changes whilst the deep soil disturbance plots had the greatest number of 
significant changes. 
Date Treatment Litter Cut Top soil Deep soil 
Jun 
2005 
Galium palustre +   Blysmus rufus + 
Moss -   Galium palustre + 
   Sagina nodosa+ 
     
Aug 
2005 
Juncus gerardii + Phragmites australis - Agrostis stolonifera - Agrostis stolonifera - 
  Phragmites australis - Phragmites australis - 
   Eleocharis palustris - 
   Triglochin maritima - 
     
 
Atriplex patula + Atriplex patula + Atriplex patula + Atriplex patula + 
Jun 
2006 
Centaurium littorale + Centaurium pulchellum + Centaurium littorale + Centaurium pulchellum + 
Centaurium pulchellum +  Agrostis stolonifera - Centaurium pulchellum + Phragmites australis - 
Galium palustre - Phragmites australis - Agrostis stolonifera - Eleocharis palustris - 
Triglochin maritima - Galium palustre - Phragmites australis - Galium palustre - 
 Triglochin maritima - Galium palustre - Triglochin maritima - 
  Triglochin maritima -  
     
Aug 
2006 
Achillea millefolium + Achillea millefolium + Achillea millefolium + Achillea millefolium + 
Artemisia maritima + Atriplex patula + Artemisia maritima + Artemisia maritima + 
Galium palustre - Phragmites australis - Phragmites australis - Phragmites australis - 
Leontodon autumnalis - Galium palustre - Galium palustre - Galium palustre - 
Trifolium pratense - Leontodon autumnalis - Leontodon autumnalis - Leontodon autumnalis - 
Triglochin maritima - Triglochin maritima - Triglochin maritima - Trifolium pratense - 
   Triglochin maritima - 
 
    
Jun 
2007 
Phragmites australis + Triglochin maritima + Leontodon autumnalis + Glaux maritima + 
  Juncus gerardii - Leontodon autumnalis + 
   Plantago maritima + 
   Juncus gerardii - 
Table 6-3: Species with significant differences (GLM, LSD post hoc, p-value<0.05) between treatment and 
control at each sample date in the Phragmites australis encroached grassland. The + indicates significantly higher 
abundance than the control and – indicates significantly lower abundance than the control. 
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Figure 6-6: Mean (n=7, SE) % abundance of Phragmites australis for control and each treatment in the 
Phragmites australis encroached grassland. The* indicates levels of significant differences (GLM, LSD 
post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
In August 2005, the first sampling period after treatment application, Phragmites australis 
was most affected in the cut, top and deep soil disturbance plots where its mean abundance 
decreased by 75 %, 76 % and 90 % respectively (Figure 6-6).  P. australis still showed 
significantly lower abundance in the cut, top and deep soil treatment in both June (16.7 % 
± 2.4, 12.7 % ± 2.0 and 14.4 % ± 2.0 respectively) and August 2006 (20.9 % ± 1.7, 21.1 % 
± 2.3 and 20 % ± 2.8 respectively) compared to the control plots (June 2006: 28.4 % ± 4.5 
and August 2006:34.3 % ± 1.7) (Figure 6-6).  Even though P.australis increased in the 
control plots between June 2005 and August 2006, representing on average 25.6 % ± 2.1 
and 34.3 % ±1.7 respectively, the mean abundance was reduced by more than half in June 
2007, leaving the litter plots with significantly higher abundance and control, cut, top and 
deep soil disturbance plots with relatively similar mean abundance.  
 
In August 2005, top and deep soil disturbance had significantly lower abundance of A. 
stolonifera (3.4 % ± 0.4 and 4.4 % ± 0.7 respectively) compared to control plots (24.7 % ± 
5.4) (Figure 6-7), which was maintained in the top soil plots in June 2006.  Cut plots also 
presented a significant decrease in June 2006 compared to the control plots.  By August 
2006, these significant differences were no longer observed and by June 2007, Agrostis 
stolonifera had relatively higher abundance (27 % ± 3.7) in the deep soil disturbance 
compared to the control plots (22.6 % ± 6.2).   
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Figure 6-7: Mean (n=7, ± SE) % abundance of Agrostis stolonifera for control and each treatment in 
the Phragmites australis encroached grassland. The* indicates levels of significant differences (GLM, 
LSD post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001.  
 
 
Figure 6-8: Mean (n=7, ± SE) % abundance of Eleocharis palustris for control and each treatment in 
the Phragmites australis encroached grassland. The* indicates levels of significant differences (GLM, 
LSD post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
Eleocharis palustris showed a general decline in August 2005 compared to June 2005 
(Figure 6-8), and disappeared from the deep soil treatment plots, but was recorded in 2006 
and 2007.  Significant differences between the deep soil plots and the control persisted 
until June 2006, and then no significant differences in mean abundance were observed 
between treatments and control. 
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Figure 6-9 Mean (n=7, ± SE) % abundance of Juncus gerardii for control and each treatment in the 
Phragmites australis encroached grassland. The* indicates levels of significant differences (GLM, LSD 
post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
The abundance of Juncus gerardii fluctuated over the course of the experiment and was 
significantly higher in the litter plots compared to the controls in August 2005 (Figure 6-9).  
J. gerardii remained in relatively low abundance in the deep soil treatment after the 
application of treatment and in June 2007 J. gerardii had lower mean cover in the top and 
deep soil disturbance plots (7.7 % ± 1.9 and 5 % ± 0.8 respectively) compared to the 
control plots (27.1 % ± 8.1) (Figure 6-9).  
 
 
Figure 6-10: Mean (n=7, ± SE) % abundance of Galium palustre for control and each treatment in the 
Phragmites australis encroached grassland. The* indicates levels of significant differences (GLM, LSD 
post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
Litter and deep soil treatment plots had significantly higher abundance of Galium palustre 
than the control plots in June 2005, which was not maintained in August 2005 (Figure 
6-10).  Compared to the control plots, in 2006 Galium palustre had lower mean abundance 
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in all four treatments and was not recorded in the cut and deep soil treatment in June 2006 
and in the top soil treatment in August 2006.  
 
Compared to the control plots, Triglochin maritima showed significantly lower abundance 
in the deep soil disturbance plots in August 2005, and in all four treatments in June and 
August 2006 as this species was not recorded within the disturbed plots (Table 6-3).  Five 
herbaceous species showed higher mean cover in the disturbed plots compared to the 
control plots during summer 2006 (Table 6-3).  Centaurium species were only recorded in 
the disturbed plots in June and August 2006, with a maximum cover for Centaurium 
pulchellum of 4 % (in a single quadrat) in June 2006.  Achillea millefolium and Artemisia 
maritima also showed higher mean abundance in the disturbed plots compared to the 
controls in August 2006 (Table 6-3).  The mean cover of Trifolium pratense and 
Leontodon autumnalis was significantly lower in the disturbed plots compared to the 
control but represented less than 1 % mean cover (Table 6-3).  In June 2007, Leontodon 
autumnalis significantly increased in the top and deep soil disturbance plots compared to 
the controls.  The cut plots had a significantly higher proportion of T. maritima than the 
control (0.9 % ± 0.1 compared to 0.1 % ± 0.1) and this species was recorded in all 
treatment plots.  The deep soil disturbance plots presented a significant increase in Glaux 
maritima as well as Plantago maritima (Table 6-3).  The latter was only recorded in the 
top and deep soil disturbance treatments.   
 
6.3.1.3 Effects of disturbance on the abundance of functional groups  
Functional groups showed significant changes in the treatment plots compared to the 
control (Table 6-4) in relation to significant changes in species abundance  
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Date Treatment Litter Cut Top soil Deep soil 
Jun 
2005 
Dicotyledons +    
Total Lower plants -    
 
    
Aug 
2005 
Total Rushes + Total Grasses - Litter + Bare + 
 Monocotyledons - Total Grasses - Total Grasses - 
  Total Sedges - Total Sedges - 
  Perennials - Perennials - 
  Monocotyledons - Monocotyledons - 
  Species richness - Species richness - 
 
    
Jun 
2006 
Annuals + Litter + Litter + Bare + 
 Annuals + Annuals + Annuals + 
 Total Grasses - Total Grasses - Total Grasses - 
 Perennials - Perennials - Total Sedges - 
 Monocotyledons - Monocotyledons - Perennials - 
   Monocotyledons - 
     
Aug 
2006 
Annuals + Bare + Bare + Bare + 
 Annuals + Annuals + Annuals + 
 Dicotyledons + Total Grasses - Total Grasses - 
 Total Grasses - Perennials - Perennials - 
 Perennials - Monocotyledons - Monocotyledons - 
 Monocotyledons -   
 
    
Jun 
2007 
 Bare + Bare + Bare + 
 Litter - Litter - Litter- 
 Perennials - Species richness + Total Rushes - 
 Monocotyledons - Total Rushes - Perennials - 
  Perennials - Monocotyledons - 
  Monocotyledons -  
Table 6-4: Functional groups with significant differences differences (GLM, LSD post hoc, p-
value<0.05) between treatment and control at each sample date in the Phragmites australis encroached 
grassland.  The + indicates significantly higher abundance than the control and – indicates significantly 
lower abundance than the control. 
 
The litter removal treatment had few effects on the functional groups compared to the 
control (Table 6-4), with a significant increase in the cover of rushes in August 2005 and in 
annuals in June and August 2006.  Cut, top and deep soil disturbance generated greater 
significant changes between August 2005 and June 2007 compared to the control plots 
(Table 6-4). 
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Figure 6-11: Mean (n=7, ± SE) % abundance of Bare ground for control and each treatment in the 
Phragmites australis encroached grassland. The* indicates levels of significant differences (GLM, LSD 
post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
In August 2005, bare ground had a mean cover of 67.7 % ± 10.8 in the deep soil plots 
compared to only 8 % ± 5.1 in the control plots, as a result of the intense disturbance 
(Figure 6-11) and it remained in high abundance in the deep soil plots in June 2006.  By 
August 2006, the cut, top and deep soil plots all showed significantly higher cover of bare 
ground compared to the control plots, which was maintained in June 2007 although the 
mean abundance of bare ground was halved in the deep soil disturbance plots between 
August 2005 and June 2007.   
 
 
Figure 6-12: Mean (n=7, ± SE) % abundance of Total Rushes for control and each treatment in the 
Phragmites australis encroached grassland. The* indicates levels of significant differences (GLM, LSD 
post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001 
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The mean cover of rush species varied throughout the experiment and litter removal plots 
showed significantly higher mean abundance in August 2005 compared to the control plots 
(Figure 6-12).  No significant differences were observed between the control and all 
treatment plots during summer 2006.  However top and deep soil disturbance plots 
exhibited significantly lower abundance in June 2007 (Figure 6-12), as a result of lower 
abundance of Juncus gerardii in these two treatments.  
 
Figure 6-13: Mean (n=7, ± SE) % abundance of Total Grasses for control and each treatment in the 
Phragmites australis encroached grassland. The* indicates levels of significant differences (GLM, LSD 
post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
The mean abundance of total grasses significantly decreased in order of cut, top and deep 
soil plots in August 2005, with the least abundance for the deep soil treatments (7 % ± 0.6 ) 
(Table 6-4 and Figure 6-13).  Significant differences between total grass abundance in the 
control and the three treatment plots (cut, top and deep soil) were still exhibited during 
summer 2006 but the difference in mean abundance compared to control was reduced and 
by June 2007, no significant differences were observed.  Low mean abundance of grass 
species in the treated plots was due to the decrease of Phragmites australis and Agrostis 
stolonifera.  
 
Monocotyledons (Figure 6-14) and perennials (Figure 6-15) showed similar significant 
changes to the total grass group as these three functional groups have similar plant species 
composition.  Monocotyledons and perennials had significantly different abundance in the 
top and deep soil disturbance compared to the control in June 2005 and also for the cut, top 
and deep soil between June 2006 and June 2007 (Table 6-4).  Even though significant 
differences persisted between the control and cut, top and deep soil disturbance plots in 
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June 2007, the difference in mean abundance was reduced compared to that of June and 
August 2006. 
 
 
Figure 6-14: Mean (n=7, ± SE) % abundance of Monocotyledons for control and each treatment in the 
Phragmites australis encroached grassland. The* indicates levels of significant differences (GLM, LSD 
post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
Figure 6-15: Mean (n=7, ± SE) % abundance of Perennials for control and each treatment in the 
Phragmites australis encroached grassland. The* indicates levels of significant differences (GLM, LSD 
post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
Litter abundance varied across the treatments and sampling period and was significantly 
higher in the top soil disturbance plots compared to the control in August 2005 (Table 6-4 
and Figure 6-16), and the cut and top soil treatments in June 2006.  Significantly lower 
litter abundance was observed in June 2007 in the cut, top and deep soil disturbance plots 
where the mean cover ranged between 5.4 % ± 0.6 and 6.1 % ± 1.6.  
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Figure 6-16: Mean (n=7, ± SE) % abundance of Litter for control and each treatment in the 
Phragmites australis encroached grassland. The* indicates levels of significant differences (GLM, LSD 
post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
Sedge abundance declined significantly in August 2005 in the top and deep soil 
disturbance treatments compared to the control as a result of changes in Eleocharis 
palustris.  By June 2006, only the deep soil treatments showed significant differences with 
the control.  All significant disturbance effects were absent by August 2006 (Figure 6-17).  
 
 
Figure 6-17: Mean (n=7, ± SE) % abundance of Total Sedges for control and each treatment in the 
Phragmites australis encroached grassland. The* indicates levels of significant differences (GLM, LSD 
post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001 
 
Annual species significantly increased compared to the control following the application of 
disturbance (Table 6-4) in June and August 2006, as a result of the appearance of 
Centaurium spp., Cirsium vulgare and Atriplex patula, but these species were absent the 
following growing season 
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6.3.1.4 Effects of disturbance on species diversity 
Species richness varied in the control plots over the course of the experiment ranging 
between 6.4 ± 0.6 in June 2006 and 8.3 ± 0.6 (Figure 6-18).  Similarly, the disturbed plots 
showed fluctuations in the mean species richness with a significant decrease compared to 
the control plots in August 2005 (Table 6-4 and Figure 6-18), the first sampling after the 
application of treatment, in the top and deep soil disturbance treatments (5.6 ± 0.4 and 4.9 
± 0.3 respectively compared to 6.7 ± 0.4).  All treatments showed an increase in mean 
species richness between August 2005 and August 2006, except the control which declined 
up to June 2006 and then increased.  The top soil disturbance plots showed significantly 
higher species richness than the control plots in August 2006 with species richness of 9.1 ± 
0.5 compared to 8.3 ± 0.6 in the controls.  In June 2007, no significant differences were 
observed between the treatments and control  
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Figure 6-18: Mean (n=7, ± SE) species richness per m² for each treatment at each sampling period in 
the Phragmites australis encroached grassland. The arrow indicates the application of treatment and the * 
indicates significant differences with the control (GLM, LSD post hoc, p-value<0.05) at the same sampling 
date with *<0.05, **<0.01 and ***<0.001.  
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Figure 6-19: Mean (n=7, ± SE) Shannon-Wiener (a) and Simpson’s (b) diversity index scores for each 
treatment at each sampling period in the Phragmites australis encroached grassland.  The arrow 
indicates the application of treatment and the * indicates significant differences with the control of the same 
sampling date (ANOVA 1-way with Tukey’s test, p<0.05) 
 
Control plots showed a general decrease in Shannon-Wiener and Simpson’s diversity index 
scores over the course of the experiment, with the lowest scores from June 2006 onwards 
reflecting changes in species richness and abundance (Figure 6-19).  The application of 
treatments generated short term decreases in the cut and top soil disturbed plots in August 
2005, which then recovered and showed the highest diversity scores in June and August 
2006.  Top soil disturbed treatment scores were significantly higher compared to the 
control in June 2007 for both diversity indices as a result of higher species richness and 
homogeneous abundance.  Shannon-Wiener and Simpson’s diversity index scores 
remained relatively stable in the litter removal plots throughout the study suggesting that 
this level of disturbance had few effects on the diversity of the plant community.   
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Figure 6-20: Mean (n=7, ± SE) Shannon-Wiener (a) and Simpson’s (b) evenness index scores for each 
treatment at each sampling period in the Phragmites australis encroached grassland.  The arrow 
indicates the application of treatment and the * indicates significant differences with the control of the same 
sampling date (ANOVA 1-way with Tukey’s test, p<0.05) 
 
Both Shannon-Wiener and Simpson’s evenness scores were significantly higher in the 
deeply disturbed plots than controls immediately after treatment, as a result of the 
abundance of bare ground (Figure 6-20).  However, the vegetation recovered and by June 
2006 no significant differences could be observed in the deep soil treatment. Control and 
litter treatments showed decreasing evenness values over the six sampling occasionsand 
the control plots accounted for the lowest values.  By June 2007 no significant differences 
between treatments and controls were observed, suggesting that the application of 
treatment no longer affected the vegetation.   The low values of Simpson’s evenness 
scores, except for the deep soil treatment in August 2005, indicate that plant species were 
not evenly distributed probably because of dominance by a few species (e.g. Phragmites 
australis, Agrostis stolonifera and Juncus gerardii). 
 
6.3.2 Effects of disturbance on an Elytrigia repens encroached plant community 
6.3.2.1 Effects of disturbance on the community composition  
Figure 6-21 shows the changes affecting the plant community over the sampling period 
using a Detrended Correspondence Analysis, where the first axis accounted for 16 % 
(eigenvalue: 0.07) and axis two for 12 % (eigenvalue: 0.059) of the variation within the 
plant communities.  The point scores of the different treatments were grouped with low 
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values along both axes at the start of the study (Figure 6-22).  Over the six sampling points, 
the control point scores remained at low values along axis 2 but with increasing values on 
axis 1 suggesting that seasonal changes affected the plant community.  The application of 
treatments in June 2005 generated shifts along axis 2 in the point scores of all treatment 
except litter removal, which remained in a relatively similar position, and the distance 
between the June 2005 and August 2005 point scores increased with disturbance intensity.  
In 2006 all treatment point scores shifted towards higher values along axis 1 and 2 but, by 
August 2007, litter, cut and top soil disturbed point scores shifted closer to the control 
point score with lower values along axis 2.  Deep soil treatment point scores remained the 
furthest away from the controls with high values along axis 2 at the end of the study.  The 
distribution of the point scores in relation with the disturbance intensity was significantly 
correlated with axis 2 (Pearson correlation 0.471, p-value: 0.000), so high disturbance 
levels corresponded with high values (Figure 6-20 and Figure 6-21).  Overall the shifts of 
the point scores accounted for less than 1 standard deviation on both axes, which show that 
there was not a total species turnover.  However, point scores along axis 2 range between 
0.2 and 0.8 standard deviations, which suggest considerable changes in composition.  
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Figure 6-21: Detrended Correspondence Analysis diagram (DCA) of  control, litter, cut, top and deep 
soil treatment in the Elytrigia repens encroached grassland based on the mean (n=7) abundance of 
species and standard errors of the mean. Each point is labelled according to the sampling date. 
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Figure 6-22: Summary of the point score distribution of the DCA for each treatment in the Elytrigia 
repens encroached grassland. Each sampling period are labelled using 1=June 2005, 2=August 2005, 
3=June 2006, 4= August 2006 and 5=June 2007 
 
6.3.2.2 Effects of disturbance on species abundance 
Pre-treatment, deep soil treatment plots were characterised by higher mean cover of 
Phragmites australis and Ranunculus acris compared to the control plots (Table 6-5).  The 
application of treatment generated significant changes in abundance in 17 species over the 
course of the experiment with the greatest number of significant changes in June and 
August 2006 and for the highly disturbed plots (top and deep soil treatment).  By August 
2007 no significant differences could be observed in the litter, cut and top soil disturbance 
plots compared to the control plots.  
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Date Treatment Litter Cut Top soil Deep soil 
Jun  
2005 
   Phragmites australis + 
   Ranunculus acris + 
     
Aug  
2005 
Elytrigia repens - Elytrigia repens - Elytrigia repens - Atriplex patula + 
Galium uliginosum - Phragmites australis - Phragmites australis - Glaux maritima + 
 Galium uliginosum - Galium uliginosum - Elytrigia repens - 
   Phragmites australis - 
   Galium palustre- 
     
Jun  
2006 
Juncus gerardii + Poa pratensis + Aster tripolium + Aster tripolium + 
Aster tripolium + Aster tripolium + Atriplex patula + Centaurium littorale + 
Atriplex patula + Atriplex patula + Centaurium littorale + Ranunculus acris + 
Galium palustre- Centaurium littorale + Galium palustre- Elytrigia repens - 
Potentilla anserina - Galium palustre- Potentilla anserina - Galium palustre- 
Valeriana officinalis - Potentilla anserina -  Potentilla anserina - 
     
Aug  
2006 
Aster tripolium + Aster tripolium + Moss + Agrostis stolonifera + 
Atriplex patula + Atriplex patula + Aster tripolium + Aster tripolium + 
Galium palustre - Centaurium littorale + Atriplex patula + Ranunculus acris + 
Glaux maritima - Ranunculus acris + Centaurium littorale + Vicia cracca + 
 Galium palustre - Ranunculus acris + Elytrigia repens - 
 Glaux maritima - Galium palustre - Phragmites australis - 
 Valeriana officinalis - Glaux maritima - Galium palustre - 
   Glaux maritima - 
   Sonchus arvensis - 
 
    
Jun  
2007 
Moss + Moss + Moss + Moss + 
 Glaux maritima + Glaux maritima + Agrostis stolonifera + 
Glaux maritima + Triglochin maritima +  Glaux maritima + 
   Atriplex patula + 
   Galium palustre - 
 
    
Aug  
2007 
 Agrostis stolonifera + 
 
Centaurium littorale + 
Triglochin maritima + 
Galium palustre - 
 
Table 6-5: Species with significant differences between treatment (GLM, LSD post hoc, p-value<0.05) 
and control at each sample date in the Elytrigia repens encroached grassland. The + indicates 
significantly higher abundance than the control, and – indicates significantly lower abundance than the 
control. 
 
Figure 6-23: Mean (n=7, ± SE) % abundance of Elytrigia repens for control and each treatment in the 
Elytrigia repens encroached grassland. The * indicates levels of significant differences (GLM, LSD post 
hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
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In August 2005, immediately following the application of treatments, the mean abundance 
of Elytrigia repens was significantly reduced in all treatments compared to the control 
plots, with the deep soil plots disturbed exhibiting the lowest cover (5.43 % ± 1.1), 
followed by top soil (14.71 % ± 3.1), cut (17.86 % ± 4.5), and litter treatments (28.14 % ± 
4.4) (Figure 6-23).  In June and August 2006, only the deep soil disturbed plots (June 06: 
18.9 % ± 6.4 and August 2006: 18.7 % ± 3.0) showed significantly lower mean abundance 
of Elytrigia repens compared to the control (June 2006: 41.4 % ± 7.0 and August 2006: 
49.7 % ± 4.2) (Figure 6-23).  No significant differences in the mean abundance were 
observed between the control and all treatments in 2007. 
 
 
Figure 6-24: Mean (n=7, ± SE) % abundance of Phragmites australis for control and each treatment in 
the Elytrigia repens encroached grassland. The * indicates levels of significant differences (GLM, LSD 
post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
In August 2005, Phragmites australis significantly decreased in the cut, top and deep soil 
disturbed plots (Figure 6-24) where the mean cover represented 8.4 % ± 1.0, 9 % ± 2.8 and 
2.6 % ± 0.3 respectively, compared to the control (18.9 % ± 4.3).  No further significant 
differences were observed during the following sampling periods except for deep soil 
treatments in August 2006, with significantly lower abundance compared to the control 
(Figure 6-24).  The mean abundance of P. australis was not significantly different from the 
control in 2007 and its mean cover in August 2007 ranged from 10.1 % ± 1.3 (deep soil 
plots) and 14.9 % ± 1.9 (control plots)  
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Figure 6-25: Mean (n=7, ± SE) % abundance of Agrostis stolonifera for control and each treatment in 
the Elytrigia repens encroached grassland. The* indicates levels of significant differences (GLM, LSD 
post hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001 
 
Before the application of treatment, the mean abundance of Agrostis stolonifera had a 
maximum of 2.1 % ± 2.1 in the litter plots (Figure 6-25).  The mean abundance of A. 
stolonifera generally increased throughout the study and across the treatments. In August 
2006, the deep soil treatments showed significantly greater abundance of Agrostis 
stolonifera compared to the controls, which was maintained in June and August 2007.  At 
the end of the experiment, A.stolonifera showed the greatest mean cover in order of deep 
soil, top soil, litter, and cut treatments, and control had the lowest abundance.  
 
 
Figure 6-26: Mean (n=7, ± SE) % abundance of Galium palustre for control and each treatment in the 
Elytrigia repens encroached grassland. The* indicates levels of significant differences (GLM, LSD post 
hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001 
 
Twelve forb species showed significant variations under the different treatments compared 
to control (Table 6-5).  Abundances of Galium palustre fluctuated over the course of the 
study and, following the application of treatment, deep soil treatment plots had 
significantly lower abundance than controls in August 2005 (Figure 6-26).  In both June 
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and August 2006, all treatments except litter removal showed significantly lower 
abundance, but in June and August 2007 Galium palustre remained in significantly lower 
abundance only in the deep soil disturbed plots.  
 
Although, other forb species had less than 5 % mean abundance, significant differences 
could be observed following the application of treatment (Table 6-5).  In August 2005, 
Atriplex patula and Glaux maritima showed significantly greater abundance in highly 
disturbed treatments compared to control plots whilst Galium uliginosum significantly 
decreased in litter, cut and top soil disturbed plots.  In June 2006 herbaceous species such 
as Aster tripolium (in all 4 disturbance treatments), Atriplex patula (in litter, cut and top 
soil treatments) and Centaurium littorale (in cut, top and deep soil disturbance) showed 
significant increases at higher disturbance intensities.  However, these species were absent 
from the control plots, and the appearance of these species solely in the treatment plots 
could suggest that the application of treatment favoured their establishment. Abundances 
of Potentilla anserina was significantly lower in all treatment plots compared to controls 
and litter plots had significantly less Valeriana officinalis (Table 6-5). 
 
In August 2006, the mean cover of Glaux maritima was significantly less and Aster 
tripolium significantly greater, than controls for all four disturbance treatments (Table 6-5).  
Compared to the control plots, the mean abundance of Atriplex patula was also 
significantly greater in litter, cut and top soil treatment plots, Ranunculus acris was more 
abundant in the cut, top and deep soil treatments and Centaurium littorale had significantly 
greater abundance in the cut and top soil treatments.  The cut plots showed higher 
abundance of Valeriana officinalis, the top soil disturbed plots had significantly greater 
moss cover, and the deep soil treatment showed significantly less Sonchus arvensis and 
more Vicia cracca (Table 6-5). 
 
In June 2007, moss and Glaux maritima were significantly more abundant in the treatment 
plots compared to the controls, in particular as G.maritima was not recorded in the control 
plots (Table 6-5).  Cut plots showed significantly higher mean abundance of Triglochin 
maritima than controls and the deep soil disturbed plots showed significantly higher 
abundance of Atriplex patula but significantly lower cover of Galium palustre. 
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In August 2007, only the deep soil treatments showed significant differences, with higher 
abundance of Centaurium littorale (0.6 % ± 0.3) and Triglochin maritima (1.7 % ± 1.1), 
compared to controls (Table 6-5).  
 
6.3.2.3 Effects of disturbance on abundance of functional groups 
Before the application of treatment (June 2005), litter and deep soil treatments had 
significantly lower abundance of forb species (15.3 % ± 2.9 and 14 % ± 1.5 respectively) 
compared to the controls (22.8 % ± 2.5), which was also reflected in dicotyledon cover  
(Table 6-6).   
Date Treatment Litter Cut Top soil Deep soil 
Jun 2005 Total Forbs -   Bare + 
Dicotyledons -   Total Forbs – 
   Dicotyledons - 
     
Aug 2005 Bare + Litter + Litter + Bare + 
 Bare + Bare + Annuals + 
 Total Grasses - Total Grasses - Total Grasses - 
 Perennials - Perennials - Perennials - 
 Monocotyledons - Monocotyledons - Monocotyledons - 
   Dicotyledons - 
     
Jun 2006 Total Rushes + Annuals + Annuals + Bare + 
Annuals +   Total Rush+ 
   Annuals + 
   Total Grasses - 
   Perennials - 
   Monocotyledons - 
     
Aug 2006 Annuals + Bare + Bare + Bare + 
 Litter - Annuals + Total Grasses - 
 Annuals+ Total Grasses - Perennials - 
 Perennials - Perennials - Monocotyledons - 
  Monocotyledons -  
    
     
Jun 2007 
 
Bare + Bare + Bare + 
Annuals + Annuals + Annuals + 
Litter - Litter - Litter - 
 Monocotyledons -  
 
  Total Grasses -  
Aug 2007 Total Forbs - Total Grasses -  Annuals + 
 
    
Table 6-6: Functional groups with significant differences (GLM, LSD post hoc, p-value<0.05) between 
treatment and control at each sample date in the Elytrigia repens encroached grassland. The + indicates 
significantly higher abundance than the control and – indicates significantly lower abundance than the 
control. 
 
Deep soil treated plots showed a higher proportion of bare ground and less abundant forbs 
and dicotyledons.  Following the application of treatment, deep soil treated plots accounted 
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for the greatest number of significant changes (9 variables) compared to the controls, 
whilst the fewest changes were for the litter removed plots with only four variables (Table 
6-6). 
 
 
Figure 6-27: Mean (n=7, ± SE) % abundance of Bare ground for control and each treatment in the 
Elytrigia repens encroached grassland. The* indicates levels of significant differences (GLM, LSD post 
hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
In August 2005, the mean abundance of bare ground was significantly higher in all 
treatments (Figure 6-27) compared to controls (1.4 % ± 0.8) in the order of litter (11.7 % ± 
3.8), cut (12.8 % ± 3.9), top soil (26.7 % ± 5.4 ) and deep soil treatments (64.7 % ± 7.4).  
Deep soil disturbed plots maintained significantly greater abundance in June 2006.  
Although mean abundance of bare ground decreased between June 2005 and August 2006, 
cut, top and deep soil disturbed plots showed significantly greater cover compared to 
control in both August 2006 and June 2007.  However by August 2007, no significant 
differences in bare ground cover was observed between treatments and control plots 
 
 
Figure 6-28: Mean (n=7, ± SE) % abundance of Litter for control and each treatment in the Elytrigia 
repens encroached grassland. The* indicates levels of significant differences (GLM, LSD post hoc, p-
value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
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Compared to the controls, the cut and top soil treated plots showed significantly higher 
litter cover in August 2005 (Figure 6-28) and only cut plots showed significantly lower 
mean abundance of litter in August 2006.  In June 2007, mean litter abundance was 
significantly lower, in the cut, top and deep soil treatments (5.7 % ± 1.0, 5.9 % ± 1.8, 4.4 
% ± 0.8 respectively) compared to the controls (16.1 % ± 4.1) (Figure 6-28).  
 
Rushes showed significantly greater mean cover in the litter and deep soil treatments in 
June 2006 (Table 6-6) as a result of greater abundance of Juncus gerardii in these two 
treatments that year. 
 
 
Figure 6-29: Mean (n=7, ± SE) % abundance of Total Grasses for control and each treatment in the 
Elytrigia repens encroached grassland. The* indicates levels of significant differences (GLM, LSD post 
hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
Compared to control plots, cut, top soil and deep soil treatments showed significantly less 
mean abundance of grass species in August 2005, (Figure 6-29) as  a result of the low 
abundance of Phragmites australis and Elytrigia repens in these disturbed plots.  Only 
deep soil treatments had significantly lower abundance of total grass species than controls 
in June 2006 and August 2006, whilst top soil disturbed plots exhibited significantly less 
abundance of grasses in August 2006.  The top soil treatment maintained significantly 
lower cover in June 2007 but by August 2007 only the cut plots showed significantly less 
mean cover of grass species (Figure 6-29).  
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Figure 6-30: Mean (n=7, ± SE) % abundance of Monocotyledons for control and each treatment in the 
Elytrigia repens encroached grassland. The* indicates levels of significant differences (GLM, LSD post 
hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
 
Figure 6-31: Mean (n=7, ± SE) % abundance of Perennials for control and each treatment in the 
Elytrigia repens encroached grassland. The* indicates levels of significant differences (GLM, LSD post 
hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
Monocotyledons (Figure 6-30 and Table 6-6) and perennials (Figure 6-31 and Table 6-6) 
showed similar significant differences to the total grass group, with the exception of 
August 2007 for monocotyledons and June and August 2007 for perennials, as grass 
species constituted more than 80 % of the monocotyledons and perennial groups.  
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Figure 6-32: Mean (n=7, ± SE) % abundance of Annuals for control and each treatment in the 
Elytrigia repens encroached grassland. The* indicates levels of significant differences (GLM, LSD post 
hoc, p-value<0.05) with the control on the same date with * < 0.05, ** < 0.01 and ***< 0.001. 
 
Abundance of annual species was relatively low (less than 1%) in June 2005, but 
significantly increased in the deep soil treatments compared to the control following the 
application of disturbance (Figure 6-32 and Table 6-6).  By June 2006, all disturbed 
treatments showed significantly greater mean abundance of annual species with, in 
descending order, top soil (4.6 % ± 1.1), cut (3.6 % ± 1.5), litter (2.9 % ± 1.1) and deep soil 
treatments (2.6 % ± 1.2) (Figure 6-32).  In August 2006, three disturbance treatments had 
significantly greater mean abundance of annual in the order of cut, top soil and litter 
treatments.  Atriplex patula and Centaurium littorale accounted for more than 85 % of the 
total annual cover and had the greatest frequency of occurrence in the top soil disturbed 
and cut plots (85%).  Centaurium littorale was also common in the litter plots with 85% 
frequency.  Odontites vernus and Sagina nodosa were also present with greater frequencies 
in the top soil disturbed (43% and 28% respectively) and cut plots (43% and 14% 
respectively).  Mean abundance of annual species was significantly greater in the top soil 
treatment in June 2007 compared to the controls and in the deep soil treatments in August 
2007, where annuals were mainly represented by Atriplex patula and Centaurium littorale 
(Figure 6-32 and Table 6-6). 
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6.3.2.4 Effects of disturbance on species diversity 
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Figure 6-33: Mean (n=7, ± SE) species richness per m² for each treatment at each sampling in the 
Elytrigia repens encroached grassland. The arrow indicates the application of treatment and the * indicates 
significant differences with the control (GLM, LSD post hoc, p-value<0.05) at the same sampling date with 
*<0.05, **<0.01 and ***<0.001.  
 
Mean species richness ranged between 7.7 ± 0.9 (cut plots) and 9 ± 0.5 (deep soil plots) in 
June 2005.  The control plots showed relatively stable species richness during the six 
surveys with high means in August 2006 (10.7 ± 1.27) and June 2007 (10.7 ± 1.5).  From 
June 2006 mean species richness was higher in the order of top soil (highest), cut and litter 
disturbed plots.  No significant differences in species richness were observed between the 
control and treatment plots over the course of the study, although the deep and top soil 
treated plots showed a slight decline in species richness in August 2005 (the first sampling 
following the application of treatments) whilst the cut plots showed a slight increase.  All 
disturbance treatment plots exhibited increasing species richness between August 2005 and 
August 2006, except for deep soil disturbance which showed a decrease after a rise in June 
2006. 
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Figure 6-34: Mean (n=7, ± SE) Shannon-Wiener (a) and Simpson’s (b) diversity index scores for each 
treatment at each sampling period in the Elytrigia repens  encroached grassland.  The arrow indicates 
the application of treatment and the * indicates significant differences with the control of the same sampling 
date (ANOVA 1-way with Tukey’s test, p<0.05) 
 
Both Shannon-Wiener and Simpson’s diversity index values showed no significant 
differences between the treatments and the control (Figure 6-34).  The index scores 
remained relatively stable over the course of the study with a short term increase for the 
deep soil disturbed plots between August 2005 and August 2006.  By the end of the 
experiment, all treatments had relatively similar values for Shannon-Wiener and Simpson 
diversity index. 
 
Figure 6-35: Mean (n=7, ± SE) Shannon-Wiener (a) and Simpson’s (b) evenness index scores for each 
treatment at each sampling period in the Elytrigia repens  encroached grassland.  The arrow indicates 
the application of treatment and the * indicates significant differences with the control of the same sampling 
date (ANOVA 1-way with Tukey’s test, p<0.05) 
 
Immediately following the application of treatments, deep soil disturbed plots showed 
significantly greater evenness index scores compared to the controls (Figure 6-35), 
however by June 2006 no significant differences could be observed.  Evenness index 
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values remained relatively stable over the course of the study.  Simpson’s evenness index 
scores fluctuated between 0.27 and 0.5 (except for the deep soil treatment in August 2005) 
suggesting that species were not evenly distributed within the plant community (Figure 
6-35 b).  
 
6.4 Discussion  
6.4.1 Response to disturbance intensity on Phragmites australis encroached grassland 
Results showed that Phragmites australis-encroached grasslands are relatively resilient 
habitats as the vegetation recovered rapidly within two years of the application of 
disturbance.  Keddy (2000) mentioned that wetlands are dynamic habitats under frequent 
disturbance with adapted plant species able to rapidly recover and colonise due to 
specialised features (e.g. rhizomes, stolons).   
 
Semi-natural grasslands depend on frequent disturbances to maintain and promote high 
species richness, and low intensity disturbance levels such as grazing are often sufficient to 
maintain this diversity.  However, abandoned grasslands suffer from a lack of 
management, which results in a decline of species (Bouchard et al., 2003, Pavlů et al., 
2005, Persson, 1984) and an increase of litter at the small-scale (Fossati and Pautou, 1989, 
Rosset et al., 2001).  Litter is often described as a physical barrier that directly affects 
germination and seedling emergence as a result of low levels of light penetration (Facelli 
and Pickett, 1991) and lower temperature (Donath and Eckstein, 2008).  As demonstrated 
by Xiong et al.(2003) in wetland vegetation, an increase of seedling emergence and an 
increase of species richness followed litter removal.  No increase in species richness was 
observed in this study when litter was removed but annual species appeared, which 
suggests that germination was increased with less litter, possibly as a result of increasing 
light penetration.  However the positive effects of litter removal on annuals disappeared 
within two years.  Phragmites australis encroached vegetation is characterized by a tall 
canopy that outcompetes the low-growing plant species by intercepting light (Güsewell 
and Peter, 1999).  The tall vegetation canopy possibly shadowed and reduced the light 
penetration at the soil surface annulling the benefits of litter removal.   
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Cutting reduced the sward height but did not result in higher species richness, as 
previously observed by Güsewell and Peter (1999).  Although in the current study annual 
species did benefit from the lower vegetation as a possible result of higher levels of light 
and less competition from neighbouring plant species.  Similar to litter reduction, the 
effects of cutting were short-term and annuals did not persist within the vegetation.   
 
Intense levels of disturbance resulted in higher plant species richness and changes in 
composition and abundance.  One of the main effects of disturbance is the appearance of 
gaps within the dense abandoned vegetation.  Gap dynamics are essential in the 
regeneration process of grasslands communities (Grubb, 1977) to allow species to expand 
and new species to establish from the soil seed bank or dispersion.  Higher disturbance 
intensity in this study helped maintain an open sward with more bare ground, which 
resulted in the appearance of annuals (e.g. Centaurium littorale, Atriplex patula) and low 
growing species (e.g. Leontodon autumnalis, Plantago maritima, Glaux maritima).  In 
stressful environments, annual species are able to persist through a state of seed dormancy 
and present a vertical distribution within the soil seed bank (Leck et al., 1989).  Studies 
have shown that the top five cm of the soil holds more than 60% of the seed bank in 
grasslands habitats (Luzuriaga et al., 2005) and more than 80% in wetland plant 
communities (Nicholson and Keddy, 1983).  In this study, plant species richness was 
higher following shallow disturbance compared to deep disturbance, which was also 
observed by Luzuriaga et al.(2005) and possibly linked to the higher recruitment success in 
the shallow disturbance.  As a result of the vertical distribution of seeds in the soil, deep 
disturbance exposed to the surface the part of the seed bank containing fewer seed, hence 
annual species abundance was lower compared to the shallow disturbance.  
 
The occurrence of gaps was also beneficial for stoloniferous species such as Agrostis 
stolonifera.  A.stolonifera is a common species of wet grasslands, showing high rates of 
recovery and survival after disturbance due to its ability of resprouting and lateral 
vegetative reproduction (Lavorel et al., 1997).  Changes in competitive hierarchy after the 
application of disturbance was discussed by Lenssen et al (2004), where A.stolonifera 
gained in competitive ability compared to other grass species, and recovered within two 
years of disturbance.  Results here also showed a relatively fast recovery of this species 
and its ability to colonize deeply disturbed areas, possibly due to its vegetative spread.   
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6.4.2 Response to disturbance intensity on Elytrigia repens encroached grassland 
The Elytrigia repens encroached community was also resilient, as the vegetation recovered 
within a year following disturbance.  The rapid and extensive production of rhizomes 
makes E.repens a very competitive grass (Palmer and Sagar, 1963), which is able to 
colonize bare ground and form a dense, tall leaf canopy (Grime et al, 1992).  The longer 
recovery period of E.repens observed under the intense disturbance could result from the 
deep burial of propagules, although E.repens has been known to grow roots at a depth of 
40 cm (Bond et al., 2006).  Phragmites australis recovered from the disturbance in the 
E.repens grassland by the following year.  P.australis develops dense and deep rhizomes, 
storing enough energy for shoots to develop the following year and successfully colonise 
bare ground (Alvarez et al.2005).   
 
As reported by previous authors (Bakker, 1989, Crawley, 1997b, Grubb, 1977), 
disturbance generated openings in the vegetation, and created bare patches which were 
mostly colonized within three years.  Agrostis stolonifera was one of the main colonizers 
and its abundance increased significantly following the application of disturbance, possibly 
responding to the increased amount of bare ground.  Potentilla anserina showed a rapid 
recovery from the application of disturbance. This species is common in disturbed 
environments (Lavorel et al, 1998) and is an early colonizer of bare ground, with a 
stoloniferous regeneration strategy (Blom and Voesenek, 1996).  P.anserina could have 
benefited from a shorter sward and bare patches to increase its establishment success but 
was outcompeted when grass species (Agrostis stolonifera, Elytrigia repens and 
Phragmites australis) dominated the sward, which could explain the relatively low 
abundance of P.anserina even in the intensely disturbed area.  
 
Annuals initially benefitted from all disturbance, with greater abundance after the shallow 
soil disturbance.  The increase in the abundance of bare ground and gaps could have 
reactivated regeneration and recruitment processes through germination of the seed from 
the dormant seed bank or seed rain.  Fenner et al. (1998) underlined the importance of 
micro-gaps for the establishment of new species and several studies have observed the 
appearance or higher abundance of annuals following disturbance events (McIntyre et al., 
1995).  However, the low abundance of annuals following intense disturbance and litter 
removal in interesting and may relate to Grime’s intermediated disturbance hypothesis 
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(Grime, 1979).  The intense disturbance treatment resulted in low abundance of annuals 
suggesting that the seed bank was too highly disturbed.  Whilst litter removal failed to 
disturb the ground enough to offer an opportunity for annual species to establish.  Jutila 
(1999) recorded a decrease in annuals and biennials following the application of grazing 
and suggested that the exposure of coastal wet grasslands to frequent flooding and 
fluctuating water levels may have added to the stressful conditions generated by the 
disturbance.  When litter was removed in this study, annual species had access to light and 
gaps to germinate and establish, however the standing vegetation dominated by Elytrigia 
repens and Phragmites australis remained tall and continued to produce litter, possibly 
reducing the light penetration the following year.  The abundance of annuals was greater 
after shallow soil disturbance than deeper soil disturbance, possibly due to the vertical 
distribution of seeds in the seed bank, so that intense disturbance exposed fewer seeds than 
the shallow disturbance.   
 
6.5 Conclusion 
This experiment demonstrated that wet grassland plant communities are relatively resilient 
as the vegetation recovered from the application of disturbance within two years for the 
Phragmites australis-encroached grassland and the following year in the Elytrigia repens-
encroached grassland.  This may be a result of the dynamic environment of coastal wet 
grasslands, which are exposed to episodic flooding and therefore plant species are adapted 
to frequent disturbances.  In relation to Gunderson’s “ball and heuristic cup model” (2000), 
the stability domain of wet grassland ecosystems represents a deep cup or high resilience 
(distance between the bottom and lip of the cup) and variable slope (resistance) as species 
responded differently to disturbance.  This study also showed that the response to 
disturbance varied with its intensity.  Results showed that the greatest number of changes 
in species abundance were associated with high disturbance levels.  The fewer changes 
generated by litter removal compared to greater disturbance intensities may be because of 
the low levels of disturbance, which temporarily modified the competitive advantage of the 
dominant species.  This initial competitive release was not sufficient to maintain the 
changes over the three years as competitive species seemed to regain their dominance.   
 
The species enhanced by disturbance were Agrostis stolonifera, which shows potential for 
rapid growth, and Centaurium littorale, Atriplex patula, and Sonchus arvensis, all of which 
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have a rapid reproductive cycle and require gaps and light within the sward.  The 
encroaching species Phragmites australis and Elytrigia repens were initially suppressed by 
the application of disturbance but recovered and were relatively abundant three years after.  
 
Thus, a single disturbance event generated short term changes, favouring the appearance of 
annuals and temporarily enhancing species richness, nevertheless the dominant species 
regained their pre-disturbance abundance rapidly.  This suggests that repeated disturbance 
could be needed to produce persistent changes and promote species richness whilst 
maintaining low abundance of dominant species (i.e. Phragmites australis and Elytrigia 
repens).  Although soil disruption showed the highest number of significant changes in the 
composition of the plant communities, the frequent application of intense disturbance may 
in the future weaken the plant species causing a decline in diversity and productivity. 
Therefore it could be suggested that soil rotavation could be integrated and combined with 
less intense management and only applied at a small-scale to recreate a mosaic at the 
habitat level.    
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7 Discussion 
Key findings obtained from these experimental studies gave further insight into coastal wet 
grassland community dynamics.  This study highlights the effects of management 
abandonment and the vegetation responses to disturbance.  The results of the experimental 
studies are discussed in  relation to nature conservation and their implications for 
restoration.  
 
7.1 Methodological considerations 
7.1.1 Sample size 
The experimental set ups included replicated permanent quadrats for repeated recording 
during and between growing seasons.  The size of the quadrats (between 1 and 4m2) used 
during the study enabled percentage cover of plant species to be measured, while 
restricting the impacts associated with environmental vairability, as is the case at larger 
scales (Dupré and Dickmann, 2001).   
 
7.1.2 Pseudo-replication 
Evidence of pseudo-replication was first reviewed by Hurlbert (1984), who defined it as 
“the use of inferential statistics to test for treatment effects with data from an experiment 
where either treatments are not replicated (though samples may be) or experimental units 
are not statistically independent”.  As a result of pseudo-replication the sampled plant 
community will appear more homogeneous and the sample errors will be small (Waite, 
2000).  Although most of the experiments in this study followed a stratified random design, 
the experiment at Rumpo was limited by the availability of suitable vegetation types and, 
for practical reasons, needed to be fenced off to exclude cattle, thus increasing the risk of 
pseudo-replication.  
 
7.1.3 Use of functional groups 
Species richness is the most common measure to assess biodiversity, however measuring 
functional diversity is also informative, as functional traits can be related to ecosystem 
processes (Díaz and Cabido, 2001, Hooper et al., 2002).  Functional groups based on life-
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forms and taxonomic groups are frequently considered in vegetation experiments in 
relation to changes in management (Lavorel et al., 1998, McIntyre et al., 1995) as certain 
phenotypes are adapted to different types of disturbance.  The division of species into 
monocotyledons and dicotyledons was further subdivided into grasses, rushes, sedges, and 
forbs, which added information for the analysis.  The plant communities studied showed 
relatively high proportions of grass species, in particular Phragmites australis, Elytrigia 
repens, Festuca rubra, F.arundinacea and Agrostis stolonifera, which can often result in 
redundant observations between monocotyledons and grass taxonomic groups.  However, 
rush and sedge species typify many coastal wet grasslands and high proportions of rush 
species, such as Juncus gerardii, are important sources of foraging for wildfowl (Ausden 
and Hirons, 2002).  
 
7.1.4 Hydrology 
Keddy (2000) estimated that hydrology determines 50% of wetland properties and filters 
the establishment of certain plant species.  In this study, fluctuations of the ground water 
level were measured in three different wetland plant communities (lower shore, upper 
shore and tall grassland) and showed variations during and between growing seasons, often 
reaching the root zone for lower shore and upper shore plant communities between June 
and August.  For tall grasslands, it appeared that the ground water table was not close to 
the surface during the growing season.  This accords with results from Burnside et al. 
(2008), who suggest that tall grassland lies at higher elevations than lower and upper shore 
wetlands, and with Prach (1992), who showed that variations in micro-topography 
influence the distribution of plant communities in relation to hydrological or edaphic 
differences.  In addition to ground water level, the monitoring of flooding events 
(frequency and duration) could have been recorded as high water levels were frequently 
observed during the sampling periods (pers.obs.).  These periodic floods can influence 
vegetation zonation as a result of small-scale variability of soil salinity, oxygenation levels, 
nutrients and light (Blom and Voesenek, 1996, Blom et al., 1994, Ernst, 1990).  Species 
typifying wet grasslands can show sensitive responses to waterlogged conditions, for 
example Festuca rubra (Toogood et al., 2008) and Centaurium littorale (Ernst, 1990) 
decreased in waterlogged conditions.   
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7.2 Plant community dynamics  
 
7.2.1 General plant community dynamics 
 
 
Figure 7-1: Summary Detrended Correspondence Analysis diagram of all initial and final plant 
communities following experiment treatments. Each point is labelled according to the plant community 
(LS= Lower shore, TG= Tall grass, RC= Rumpo Elytrigia-encroached grass, RR= Rumpo Phragmites-
encroached grass, TN= Tahu north upper shore grassland, and TS= Tahu South upper shore grassland), the 
year of survey 03= 2003 and 07= 2007) and the treatment (Ab= Abandoned, Ct= Cut, L= litter removal, T= 
top soil redisturbance and D= deep soil disturbance)  
 
The summary DCA ordination (Figure 7-1) explained a total of 40% of the variation with 
axis 1 accounting for more than 31% (eigenvalue: 0.37) of the variation in the distribution 
compared to axis 2 with 9.1 % (eigenvalue: 0.108). The distribution of the point scores 
showed clear distinctions between the different vegetation communities over the sampling 
period (2003-2007).  The tall grass community appeared to be the most distinct when 
combining all the studied communities, with point scores of lower values on both axes.  
Scores for lower shore and upper shore communities occupied higher values on the first 
axis whilst the point scores for Elytrigia and Phragmites-encroached communities had 
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high values on axis 2 but low values on axis 1.  When integrating species point scores, 
litter was closest to the tall grass community point scores, Juncus gerardii had values 
closest to the lower shore type, and upper shore community point scores, and also Elytrigia 
repens and bare ground point scores, had high values on axis 2 but low values along axis 1.   
 
Figure 7-1 showed that each plant community responded differently to the various 
treatments and that some communities showed little variation between treatments over the 
course of the experiment. The initial and final plant communities had relatively clustered 
point scores, showing little variation and change, with the exception of the Elytrigia –
encroached community. This latter community showed a temporal shift towards higher 
values along axis 1, affecting all treatments, with the greatest displacement along axis 1 for 
the top soil disturbance followed by the deep soil disturbance.  
 
 
7.2.2 Response to abandonment  
Previously used as grazing pastures or for hay mowing, all three experimental sites 
(Hosby, Tahu and Rumpo) were subject to land management cessation for more than 20 
years, a growing phenomenon associated with biodiversity loss (Van Andel and Aronson, 
2006) and affecting not only wet grasslands (Benstead et al., 1999, Busmanis et al., 2001) 
but also alpine grasslands (MacDonald et al., 2000, Rosset et al., 2001) and fen meadows 
(Fossati and Pautou, 1989, Middleton et al., 2006).  The impact of management cessation 
on wet grasslands appeared to be related to a shift in the equilibrium existing between the 
plant community species of varied strategies and life-forms, in favour of those more 
competitive strategists.  Competitive species take advantage of the lack of disturbance to 
outcompete the poor competitors, which are more dependant upon disturbance events 
(usually stress-tolerators and ruderals) (Grime et al., 1992).   
 
Overgrowth and dominance by a few competitive species was consistently observed in the 
abandoned plant communities, typically with Phragmites australis and Elytrigia repens.  
Dominance by a few species following management cessation was also reported in 
abandoned floodplain grasslands with Phalaris arundinacea and Urtica dioica (Prach et 
al., 1996), in wet subalpine grasslands with Ranunculus aconitifolius (Rosset et al., 2001), 
salt marshes (Esselink et al., 2000), and Indian monsoonal wetlands with the encroachment 
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of Paspalum distichum (Middleton et al., 1991).  The encroachment of taller species alters 
the structural diversity of semi-natural grasslands by forming a tall and dense sward that 
interferes with light availability, temperature, and gap formation, and signals the onset of 
secondary succession.  Thus, micro-patterns characteristic of grazed plant communities 
tend to disappear with grazing cessation (Berg et al., 1997).  
  
It is generally accepted that management cessation leads to high cover of litter (Bakker, 
1989, Facelli and Pickett, 1991, Pavlů et al., 2005, Rosset et al., 2001), regardless of the 
time since abandonment, as a result of the dominance of tall and productive grass species 
(Facelli and Pickett, 1991).  Accordingly, results showed that litter cover was significantly 
higher in the abandoned plant communities compared to the managed ones, as a possible 
result of high and consistent encroachment of productive grass species (i.e. Phragmites 
australis, Elytrigia repens).  Litter produced by grass species is structurally compact and 
forms dense mats.  This interferes with seed deposition, reduces evaporation from soil, 
lowers light penetrability, modifies soil temperature microclimate, and alters the 
germination conditions and processes (Donath and Eckstein, 2008, Facelli and Pickett, 
1991).  The combined effects of these changes result in a decrease in species diversity.  
Competitive grass species such as Phragmites australis appear able to benefit from litter 
accumulation, which helps maintaining its dominance (Haslam, 1971) and seems to 
facilitate its spread by boosting its shoot production (Minchinton, 2002).  Gap formation, 
essential for the regeneration of grasslands (Grubb, 1977), is altered and reduced with 
abandonment.  This was indicated by the significant decrease of Potentilla anserina, an 
early colonizer and typical species of disturbed sites, and the low abundance of annuals.  
Annual species were poorly represented in the abandoned sites but still persisted within the 
vegetation, despite the low abundance of bare ground patches.  The opportunistic 
behaviour of annual species, and the high seed density in wetland soil seed banks (Fenner 
and Thompson, 2005), may explain the persistence of annuals within the vegetation.  
Pykälä et al. (2005) also reported the persistence of rare species in overgrown semi-natural 
grasslands, possibly in relation with the dynamic ecological and hydrological conditions 
typifying wet grasslands. 
 
Monocotyledon species in coastal grasslands are mainly comprised of grasses that show 
competitive ability through the form of rapid vegetative spread (e.g. Phragmites australis, 
Elytrigia repens) (Grime et al., 1992).  Under low and infrequent disturbance, vegetative 
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reproduction and rhizome production are favoured over seed germination (McIntyre and 
Lavorel, 1994), which in abandoned Estonian coastal wet grasslands leads to high cover of 
Phragmites australis and Elytrigia repens outcompeting the finer species and a decline in 
botanical diversity.  North American tidal wetlands are also threatened by the rapid 
expansion of Phragmites australis (Chambers et al., 1999) forming large and dense mono-
specific stands, and the abandonment of Swiss fen meadows also resulted in the dominance 
of Phragmites australis (Güsewell, 2003).  However, Agrostis stolonifera, a stoloniferous 
low-patch forming grass species, increased in abundance, despite the lack of management.  
This suggests that minimal disturbance levels occurred within these coastal grasslands 
sufficient to reduce the competitive advantage of taller grass species and provide suitable 
conditions for A.stolonifera to expand.  
 
Following five years of grazing abandonment, the studied vegetation showed 
characteristics of long-term abandoned grasslands with high abundance of litter, low bare 
ground cover, and high abundance of grass species.  However, no significant impact on 
particular species was observed, although the already poorly-represented annuals 
disappeared from the plant community within the first year of abandonment.  Low-growing 
species such as Leontodon autumnalis, a characteristic species of grazed pasture, remained 
in the abandoned grasslands despite the time since management (5-20 years).  This was 
possibly due to its morphological plasticity (Grime et al., 1992) and opportunistic 
reproduction, as it produces many wind-dispersed seeds.  The occurrence of a mix of low-
stature plant species (e.g. Glaux marititma, Peucedaneum palustre, Centaurium littorale, 
Centaurium pulchellum and Atriplex patula) and tall grass species (e.g. Phragmites 
australis, Elytrigia repens) even after 20 years without management suggests that the 
micro-topography and associated varied edaphic conditions (e.g. pH, soil salinity or soil 
moisture) helped maintained species typifying these coastal wet grasslands.  
 
7.2.3 Response to disturbance  
This research investigated the response of coastal wet grasslands to increasing disturbance 
intensities.  Across the three experiments a gradient of disturbance intensity was 
represented with abandonment as very low disturbance, litter removal, grazing and/or 
cutting for intermediate disturbance, and soil rotavation representing high disturbance 
intensity (Figure 7-2)   
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Figure 7-2: Disturbance intensity applied to each type of plant community within the set of 
experiments. 
 
Following the principles of the intermediate disturbance intensity (Grime, 1979), high 
species diversity depends on periodic disturbance and reaches its maximum at intermediate 
disturbance levels.  The intensity and frequency of disturbance events influence 
interspecific relationships, altering the dominance and competition that govern vegetation 
dynamics.  Blom and Voesenek (1996) highlighted that plant communities and species 
strategies in riverine wetlands are primarily determined by competitiveness and stress 
tolerance rather than by tolerance of disturbance, however in grassland communities, such 
as coastal wet grasslands, disturbance is essential for the structure of the plant community 
(Pickett and White, 1985) and enhances or maintains diversity (Bakker, 1989, Benstead et 
al., 1999).  The responses to different disturbance intensities varied in this study but 
consistent changes were observed across the different plant communities and the different 
disturbance levels, affecting bare ground and litter cover, annuals, grass species and 
halophytes.  
 
An increase in bare ground and decrease in litter was consistently observed at all 
disturbance levels.  However, low levels of disturbance (i.e. litter removal) were not as 
effective as the more intense and regular disturbances (i.e. cutting, soil disturbance), at 
maintaining openings in the vegetation and reducing litter accumulation.  Gaps or bare 
ground patches are driving factors in the regeneration success of plant communities, 
species diversity (Grubb, 1977) and successional pathways (Pickett et al., 1987).  Grubb 
(1977) reported that gaps as small as 1-5 cm are sufficient for annuals, biennials and short-
lived perennials to germinate, and that low competition within the gaps facilitate the 
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establishment of small-seeded species (Bissels et al., 2006).  However, many grassland 
species require larger gaps to establish.   
 
Litter cover was also reduced with the application of disturbance, but showed high 
variability over the course of the study in all the plant communities.  Regular annual 
disturbance (i.e. annual cutting and grazing) and a high disturbance intensity generally 
reduced litter abundance in the abandoned grasslands, but annual fluctuations were still 
observed.  The lack of immediate response in litter abundance following the application of 
disturbance could be caused by litter deposition during winter floods, as was observed in 
coastal marsh in North America (Minchinton, 2002), or by the high biomass production of 
grasses such as Phragmites australis.  Litter removal in the highly encroached grasslands 
failed to significantly reduce the abundance of the dominant species (Phragmites australis 
and Elytrigia repens) but did create opportunities for annuals (e.g Atriplex patula, 
Centaurium littorale, Centaurium pulchellum) and rush species (Juncus gerardii) to appear 
the first year after disturbance.  Bonanomi et al.(2006) also reported that litter removal in 
Mediterranean grasslands was not as effective as more intense disturbance levels in 
reducing the abundance of grass species, but that annuals and biennials were positively 
affected by litter removal.   
 
Although the disturbance intensity was relatively low when litter was removed, the 
presence of annuals or ruderals illustrated the opportunistic behaviour and adapted traits of 
these species to rapidly colonise bare patches (i.e. a fast growing cycle, mass seed 
production, and high seed density in the soil seed bank) (Grime, 1979).  It is generally 
accepted that annual species benefit from grazing through reduction of competitive 
exclusion (Bakker, 1989, 1998, Grace and Jutila, 1999).  However, results showed close 
similarities between grazed (< 1 livestock unit per ha (LU.ha-1)) and abandoned plant 
communities in terms of species cover, including a low abundance of annuals, suggesting 
that the level of disturbance was not sufficient to promote changes.  The stocking rate in 
the study area was possibly too low to prevent successional changes towards a dominance 
of grass species at the expense of annuals and forbs.  Kleyer et al. (2003) also reported that 
lower stocking rates of 0.4-0.6 LU.ha-1 were unable to maintain species richness and cover 
in salt marshes compared to 1.3 LU.ha-1, which was sufficient to lower competitive 
exclusion.  Higher disturbance intensity, in particular soil disturbance, resulted in a 
significant increase of annual species, which is consistent with results from other studies 
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where the top soil was disturbed (Kotanen, 1997, Mayer et al., 2004).  High levels of 
disturbance reduced the competitive advantage of dominant species, prevented secondary 
succession, and initiated re-colonisation by annuals and species able of vegetative 
reproduction.  Annual species also positively responded to intense disturbance levels in 
Californian coastal grasslands (Kotanen, 1997), and in sandy grasslands (Matus et al., 
2005).  Regeneration of annuals depends on the seed bank and wetland plant communities 
(e.g. coastal salt-marshes, inland marshes, or lake shores) exhibit similarities in species 
composition between their seed bank and above-ground vegetation (Leck et al., 1989).  
Successional patterns in species establishment with the rapid response of annuals following 
disturbance, have also been observed in quarries (Novák and Prach, 2003) and woodlands 
(Mayer et al., 2004).  Previous studies (Fahrig et al., 1994, Lavorel et al., 1998) 
demonstrated that annuals were favoured by intermediate levels of disturbance but that the 
extent and intensity of disturbance influences regeneration success, and seedling 
emergence and establishment (Pickett et al., 1987, Pickett and White, 1985, Sousa, 1984).  
A single application of high disturbance intensity in this study favoured establishment of 
annuals the following growing season but did not help to maintain a persistent annual 
community, which was replaced by short-lived perennials and perennial grass species, 
suggesting that more frequent disturbance would be needed (McIntyre et al., 1995).   
 
Based on the recovery rates shown by the different plant communities, in relation to 
disturbance, and the number of significant changes in abundance under a low disturbance 
intensity, it is possible to suggest that coastal wet grassland communities are relatively 
resilient.  The abundance of dominant plant species remained depressed for the first 
growing season after the application of disturbance.  However, by the second growing 
season the effects were negligible, as also observed by Moore (1990, 1998) in disturbed 
riverine wetland habitats.  Intense disturbance levels resulted in higher numbers of 
significant changes compared to lower disturbance intensities (i.e. cutting, grazing and 
litter removal), which were still manifest in the plant community composition two years 
after the application of disturbance.  Similarly, Vandvik (2004) described significant 
differences in a subalpine grassland plant community after three years of disturbance.  
Mitchell et al. (2000) underlined that communities dominated by competitive species 
showed greater resilience and would respond more rapidly to disturbance than 
communities of stress-tolerators such as heathlands or chalk grasslands.  Thus, abandoned 
coastal wet grasslands encroached by competitive species (Phragmites australis and 
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Elytrigia repens) seemed to be relatively resilient communities able to recover rapidly after 
low disturbance events.   
 
7.3 Species response  
 
The responses to variable levels of disturbance intensity indicated that certain communities 
and species were more sensitive to disturbance type, although the more ubiquitous species 
presented similar responses across all community types.  A total of 25 species showed 
responses to disturbance with the most indicative species being Agrostis stolonifera, 
Elytrigia repens, Festuca rubra, Festuca arundinacea, Phragmites australis, Juncus 
gerardii, Glaux maritima, Plantago maritima and Triglochin maritima (Table 7-1). 
 
Agrostis stolonifera increased in all vegetation irrespective of the disturbance intensity and 
frequency.  Stoloniferous species such as Agrostis stolonifera benefit from open swards 
and tend to decline in dense vegetation of abandoned plots (Belsky, 1992; Dupré and 
Dickmann, 2001).  Although vegetative reproduction has shown to be predominant in 
abandoned vegetation, when litter and cover are so dense that seeds cannot establish 
(Grime, 1979), clonal development is also important in early successional stages, 
especially in wet habitats where these clonal species successfully occupy bare ground 
rapidly (Prach and Pyšek, 1994).  Over the course of the study, all sites showed a steady 
increase in cover of Agrostis stolonifera, suggesting that environmental conditions created 
sufficient disturbance to temper the competitive ability of encroaching Phragmites 
australis or Elytrigia repens.  An increase in soil moisture (during the extended flooding 
periods, pers.obs.) may also result in the increase of A.stolonifera and could explain the 
trend in both managed and unmanaged environments.  Blom and Voesenek (1996) 
underlined the relatively high flood-tolerance of this species, making A.stolonifera a 
characteristic species of wet grasslands, which outcompetes Festuca rubra in waterlogged 
and less saline conditions (Rodwell et al., 2000).  A higher rate of increase in cover was 
consistently observed in the disturbed plots compared to the abandoned ones, suggesting 
that reinstating disturbance favoured A.stolonifera at the expense of more competitive or 
less rapidly growing species.  
 
Species Response to abandonment Response to disturbance 
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Agrostis stolonifera Increase in cover and biomass in 
all communities 
Higher increase than in abandoned 
sites. Indicator of high bare 
ground cover  
   
Festuca rubra Decrease in cover and biomass in 
wetter communities 
Greater decrease in cover and 
abundance in wetter communities  
   
Festuca arundinacea None Immediate increase in cover under 
cutting management but not 
sustained  
   
Phragmites australis Increase in cover; indicator of 
abandonment 
Immediate decrease in cover after 
disturbance but not sustained. 
   
Elytrigia repens Increase in cover; Indicator of 
abandonment and low disturbance 
intensity 
Decrease in cover under high 
disturbance levels  
   
Juncus gerardii Increase in cover and biomass in 
wetter communities 
Greater increase in cover and 
biomass in wetter communities 
   
Triglochin maritima Increase in cover in abandoned 
communities 
Decrease in cover in grazed sites, 
but increase under cutting 
management 
   
Table 7-1: Sensitive species responses to abandonment and disturbance 
 
Results showed that Phragmites australis encroached both wet and drier plant 
communities in response to management abandonment, with the exception of upper shore 
grasslands.  The numerous and fast growing rhizomes contribute to the great colonisation 
capacity of this grass, which constitutes a growing threat in many wetlands (Chambers et 
al., 1999, Minchinton, 2002).  Alterations of environmental stresses, such as high salinity 
and regular floods in the Delaware Bay salt-marshes (Weishar et al., 2005), increased 
nutrient supply (Saltonstall and Stevenson, 2007), or management cessation (Güsewell et 
al., 2000), can cause an increase in P.australis so that it becomes dominant, as experienced 
in abandoned Estonian coastal wet grasslands.  Although restoration of the hydrodynamics 
of the Delaware salt-marshes restored the typical salt-marsh vegetation and reduced 
P.australis (Weishar et al., 2005), the effects of different disturbance intensities on the 
abundance of P.australis in this research were rather weak.  The various disturbance 
intensities affected cover in the short-term but these changes subsequently disappeared 
(after three years) and the regular mid-summer cutting caused abundance changes in the 
first year but no significant changes in the long-term.  The application of variable 
management regimes (e.g. winter mowing, mowing in June, and mowing in June and 
September) in fen meadows encroached with P.australis also showed a lack of long-term 
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response, where the cover of P.australis was hardly suppressed by the mowing regimes 
(Güsewell, 2003, Güsewell et al., 2000).  However, other studies have reported that 
mowing in summer or autumn associated with periodic flooding can lead to a decrease in 
P.australis (Hellings and Gallagher, 1992).  In a review on management considerations in 
relation to P.australis, Uchytil (1992) reported that mowing is ineffective in sites that 
remain wet during the summer and that heavy grazing compared to low-intensity grazing 
was more effective in reducing P.australis, but could be detrimental for other plant species.  
Esselink et al. (2000) also highlighted that low-intensity grazing was not sufficient to 
restrict the expansion of P.australis and suggested the possibility of additional disturbance 
(burning or mowing). As suggested by Güsewell et al (2000), other factors such as 
competition, hydrology and resource availability could be more important than 
management in the growth of P.australis.  
 
High abundance of Elytrigia repens was observed in the abandoned study sites where 
management had ceased for more than 20 years.  Elytrigia spp. can rapidly become 
dominant after grazing cessation, as shown in abandoned European salt-marsh 
communities where the waterlogged conditions appeared to favour their expansion 
(Bouchard et al., 2003, Esselink et al., 2000, Kleyer et al., 2003).  Results of this study 
showed that the abundance of E.repens decreased with the application of disturbance in the 
encroached vegetation, with the decrease inversely proportionate to the disturbance 
intensity.  However, the effects were negligible after the first year except after intensive 
disturbance.  The ability of this grass to regenerate from rhizome fragments (Grime et al., 
1992) could explain the relatively rapid recovery monitored under lower disturbance 
intensity.  A general decrease in the total cover of E.repens was observed irrespective of 
the type of management.  This could be a result of trampling during the surveying, as 
E.repens exhibits a poor tolerance to leaf defoliation and trampling, thus it is often absent 
from pastures (Grime et al., 1992).  Bakker (1989) reported a strong decrease in E.repens 
with both grazing and cutting in a former agricultural grassland, suggesting nutrient 
impoverishment due to management, and also highlighted the disappearance in E.repens 
following grazing reintroduction in a dry grassland.  
 
Festuca rubra decreased in lower shore and upper shore grasslands but increased in tall 
grassland, irrespective of the treatment applied, although there was slightly higher cover in 
the abandoned sites.  In contrast, Kleyer et al. (2003) showed an increase in cover of 
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F.rubra with high disturbance intensities but no responses to ground water depth in upper 
salt-marshes.  F.rubra is a common and widespread grass of salt marshes and lowland 
meadows.  It tolerates dry to wet soil conditions (Hubbard, 1954) and was identified as one 
of the characteristic grasses of Estonian lower shore and upper shore grasslands (Burnside 
et al., 2007).  F.rubra was exposed to relatively long inundation periods (pers.obs.) and 
high water table within the rhizosphere (See Chapter 3) during the study in 2005 and 2007, 
which could explain its general decrease.  As observed by Gray and Scott (1977) in salt 
marshes, F.rubra was located on higher, better-drained topography and was outcompeted 
at lower elevations where waterlogging was frequent.  Similarly, Jansen et al. (2005) 
observed a significant decrease in root biomass of F. rubra after three weeks of 
waterlogging or partial submergence and van Eck et al. (2004) noted that all plants of 
F.rubra died within a period of 14 days of flooding (i.e. total submergence of the plant).  
Toogood (2005) also observed a decline of F.rubra associated with high water level 
fluctuations and frequent flooding.   
 
Juncus gerardii is a species of conservation value as it is a foraging resource for wildfowl 
(Ausden and Hirons, 2002) and an indicator of lower shore and upper shore communities 
(Burnside et al., 2007).  In a study of coastal meadows by Jutila (1999), J.gerardii 
responded positively to low-intensity grazing, as litter accumulation was reduced and the 
vegetation became shorter.  In contrast, reinstating regular management (annual cutting) in 
this study did not significantly affect the abundance of Juncus gerardii in lower shore 
grassland, and increasing disturbance intensity only showed temporary effects, with an 
increase in cover in the less disturbed Phragmites australis-encroached community.  
J.gerardii still showed significantly low cover after two years in the highly disturbed areas, 
probably due to its slow growth pattern (Bouzillé et al. 1997).  Hacker and Bertness (1995) 
highlighted the high survival ability of J.gerardii during flooding events, which also seem 
to act as a germination cue (Amiaud et al., 2000).  Interestingly, J.gerardii became 
dominant in the wettest communities (lower shore and upper shore grasslands) replacing 
Festuca rubra, irrespective of the type of management as a possible response to the 
hydrological or climatic conditions (pers.obs.).   
 
Festuca arundinacea, a tussocky grass of tall grassland, showed a short-term positive 
response to disturbance (i.e. cutting), possibly as a result of tiller production when 
competitive grasses and litter were removed.  F.arundinacea is sensitive to competition by 
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other grass species (Gibson and Newman, 2001) such as Festuca rubra, Elytrigia repens, 
or Phragmites australis, which were well represented in the studied plant communities.  
F.arundinacea is known to tolerate extended periods of inundation, as observed by Sykora 
(1983) in brackish pastures (i.e. 4 weeks in both summer and winter) and by Jansen et al. 
(2005), when root biomass was only slightly reduced after 3 weeks of waterlogging or 
partial submergence.  However, tall grasslands lie at slightly higher elevation (Burnside et 
al., 2008), than most other Estonian coastal wet grasslands with lower ground water levels, 
suggesting that hydrology (e.g. inundation) may not be a controlling factor for 
F.arundinacea in this study.   
 
Reinstating disturbance through regular cutting or soil rotavation demonstrated that salt-
tolerant species (Plantago maritima, Triglochin maritima and Glaux maritima) showed 
variable, but few significant, responses.  As noted by Tyler (1969), T. maritima suffers 
under grazing, possibly by trampling as the leaves are damaged, but also perhaps due to the 
disturbance.  It took the halophyte species two growing seasons to recover from 
disturbance (in the Phragmites australis and Elytrigia repens communities), suggesting 
that these species could be relatively sensitive.  However, Kleyer et al,(2003) observed that 
Plantago maritima and T.maritima responded positively to increasing ground water table.  
Thus, changes in hydrological or edaphic conditions could possibly explain the variable 
responses and inconsistent patterns.  
7.4 Species diversity 
Species richness is the most common measure of diversity and has been frequently used to 
assess ecosystem biodiversity and functioning (Hooper et al., 2002, Magurran, 2004).  The 
mean species richness of the studied communities (i.e. lower shore, upper shore and tall 
grasslands) was commented and evaluated with reference to the species richness at the start 
of the study, and it showed close similarities to analogous vegetation types those described 
in the British National Vegetation Classification (Figure 7-3), such as the Festuca rubra 
salt marsh and Juncetum gerardii community (SM16), the Festuca rubra-Agrostis 
stolonifera-Potentilla anserina grassland (MG11) and the Festuca arundinacea grassland 
(MG12) (Rodwell et al., 1992, Rodwell et al., 2000).  Rebassoo (1975) also described 
these sea-shore communities in Estonia and identified three associations with similarities 
in composition but lower species richness values compared to the studied vegetation, 
perhaps caused by the smaller sampling unit (0.5 m2). 
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Figure 7-3: Range of species richness in the studied plant communities (2x2m) (LS: lower shore 
grassland; US: upper shore grassland; TG: tall grassland) comparing management regime (Ab: 
abandoned; Nab: newly abandoned, Ct: cut and Gz: grazed) and length of time with mean species 
richness in the Burnside et al, (2007) classification (1x1m) and the British National Vegetation 
Classification (2x2m) (Rodwell et al, 1992; 2000) and the Rebassoo (1975) classification (0.25x0.25m). 
 
Mean species richness of the sampled communities were comparable with those reported 
by Burnside et al. (2007) from Estonia (Figure 7-3), with the exception of the upper shore 
community.  This latter community had higher mean species richness in the Burnside et al. 
(2007) classification probably due to the small-scale spatial heterogeneity often observed 
in grassland studies (Bouchard et al., 2003, Féderoff et al., 2005, Pavlů et al., 2005).   
 
The intermediate disturbance hypothesis describes the relation between high species 
richness and intermediate disturbance levels (Grime, 1979), where disturbance frequency 
and/or intensity is sufficient to suppress the competitive advantage and dominance of a few 
species but permits the establishment of a diversity of plant species with varied strategies 
(stress-tolerator, ruderals or competitors).  Only the wettest plant communities studied, 
namely lower shore grasslands and the Phragmites australis-encroached grasslands, 
showed significant differences in their mean species richness with an increase in 
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disturbance intensity.  Mean species richness increased under higher levels of disturbance 
in the Phragmites australis-encroached community due to the occurrence of annual 
species, probably in response to the decline of competitiveness of Phragmites australis, as 
was observed in fen meadows (Güsewell, 2003).  However, lower shore grasslands 
exhibited lower species richness in the managed plots with a shift in the dominant species 
(from a Festuca rubra community to a Juncus gerardii-Agrostis stolonifera community), 
suggesting that cutting added to the disturbance from inundations to favour A.stolonifera at 
the expense of F.rubra (Rodwell et al., 2000).  Tilman and Downing (1994) also reported 
that species-poor communities tend to show lower resilience and resistance to increasing 
levels of disturbance compared to species-rich communities, where species are more likely 
to compensate for the reduction of competitors caused by disturbance (Tilman, 1999).  The 
higher stability of species-rich grasslands could also explain the lack of significant changes 
in mean species diversity in tall grasslands under reinstated management.   
 
It has been widely observed that low-intensity grazing favours high botanical diversity  
(Bakker, 2005, Van Wieren et al., 1998) in European and American wet grasslands 
(Benstead et al., 1999, Díaz Barradas et al., 2001) and salt-marsh communities (Bakker, 
1998), even compared to cutting management (Bakker and De Vries, 1992).  Grazing has 
generally been considered to induce micro-patterns within the sward (Posse et al., 2000), 
increasing heterogeneity, controlling dominant species (Van Wieren et al., 1998), and 
enabling recruitment through germination of seeds from the soil seed bank.  However, the 
grazed (upper shore) community in this study showed the lowest mean species richness 
compared to the cut communities (Figure 7-2), as was also observed in mown, undrained 
calcareous fens (Stammel et al., 2003) and in abandoned fen meadows (Hald and Vinther, 
2000).  Thus, the level of disturbance generated from grazing may not have been sufficient 
to support or enhance botanical diversity on upper shore grasslands compared to cutting.   
 
To summarise, few significant changes in mean species diversity were observed between 
managed and unmanaged plant communities.  During restoration of productive agricultural 
grasslands, Bakker (1989) observed more rapid changes in species richness when the 
cutting regime was more frequent (twice a year) compared to annual cutting.  Moreover, 
and Tilman (1989) stressed the importance of long-term studies in relation to management 
effects as fluctuations in species abundance are not always a response of changes in 
management regimes but variations in abiotic and biotic factors. 
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7.5 Production 
Production in the abandoned vegetation ranged between 180-600 and 430-960 gm-2 in 
lower shore and tall grasslands respectively (Table 7-1).  These biomass values are mostly 
higher than Estonian flooded meadows (Truus, 1998), salt-marshes (de Leeuw et al., 1990) 
and coastal meadows (Niemelä et al., 2008) that have been regularly managed by grazing 
or hay-cutting.  A high proportion of grass species, in particular of Phragmites australis in 
the abandoned communities, contributed to the higher yield, which was comparable to the 
biomass of a P. australis community (700 gm-2) (Truus, 1998).  Reinstating management 
with annual cutting resulted in a decrease in above-ground biomass by more than 2/3 in 
both lower shore and tall grassland communities as observed in fen meadows (Moen, 
1995) and during restoration of agricultural grasslands (Bakker et al., 2002).  The biomass 
levels were comparable with regularly managed flooded meadows (Table 7-1) but the 
decrease in biomass in the lower shore grassland could have resulted from the shift from a 
productive Festuca rubra-dominated community to a less productive Juncus gerardii 
community (Köster et al., 2004).  Highly productive wet grasslands are commonly 
associated with low diversity (Benstead et al., 1999, Joyce, 2001, Olff and Bakker, 1991), 
although the results in lower shore grasslands, where the cut communities showed lower 
biomass and diversity contradicts this, possibly as a result of spatial variations within the 
plant community.   
0
200
400
600
800
1000
1200
D
ry
 m
a
tt
e
r 
g
m
-2
 
Figure 7-4: Range of above-ground biomass for the studied communities (LS: lower shore and TG: tall 
grasslands) compared to other examples of wet grassland communities (de Leeuw et al., 1990, Niemelä 
et al., 2008, Truus, 1998) 
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7.6 Implications for ecological restoration and conservation management  
“Nature conservation focuses on the maintenance of existing ecosystems, which often 
demands long lasting application of the same type of management, such as grazing or 
mowing” (Van Andel and Aronson, 2006).  Restoration ecology demands a more dynamic 
approach and is often used to restore the ecosystem functioning and structure similar to 
that of the target semi-natural community (Bradshaw, 1997; Mountford et al, 2006).  
Ecological restoration “consists of removing or modifying a specific disturbance, and it 
can also initiate or accelerate the recovery of an ecosystem”(Society for Ecological 
Restoration International Science & Policy Working Group, 2004).  For example, 
restoration of salt-marshes in the Netherlands (Bakker et al, 2002), or abandoned 
Mediterranean grasslands (Trata et al, 2003), or wet heaths in Belgium (Jacquemart et al. 
2003) all aimed to maintain or improve species richness by favouring the re-establishment 
of typical species and using low-intensity management practices.  Myklestad and Sætersdal 
(2004) underlined the importance of traditional management for the conservation of 
vascular plant species richness in Norwegian meadows. 
One of the main aims in this research was to investigate the potential for abandoned coastal 
wet grassland to be restored back to communities at an earlier successional stage.  Results 
showed that Estonian coastal wet grasslands were somewhat responsive to the application 
of different types of disturbance, although some changes in species composition seemed to 
be related more to hydrology.  Regular grazing and reinstating annual cutting showed 
comparable effects although they are usually associated with particular impacts on the 
vegetation.  
 
Grazing is commonly implemented for the management of wet grasslands as it produces a 
mosaic of habitats with a varied sward structure caused by trampling, such as tussocks and 
depressions (Bakker, 1989; Benstead et al, 1999; Middleton, 2006).  These micro-patterns 
within the plant community create suitable niches for many wading bird species such as 
lapwing or redshank (Tichit et al, 2005) and help sustain levels of other biodiversity.  It is 
common knowledge that grazing prevents secondary succession and the establishment of 
woody species by removing tall vegetation and controlling dominant species (Grime, 
1979).  Inter-specific competition is then reduced, permitting smaller, less competitive 
species to establish.  Dupré and Dickmann (2001) observed that taller species were better 
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represented in abandoned grasslands whilst low-growing species typified regularly grazed 
grasslands.  In this project, the grazed plant community did not show any increase in 
annuals or low-growing species, and was characterised by grasses and rushes.  There is a 
possibility that the stocking density was insufficient to actively encourage the recruitment 
and regeneration process.  For example, Trata et al (2003) highlighted the effective 
participation of cattle in seed dispersal but also stressed the need of supplementary 
management when few changes were observed after the reintroduction of cattle grazing to 
an abandoned Mediterranean grassland. 
 
Cutting is also often used in the restoration of grasslands, in particular when taller species 
or shrubs have overgrown the plant community (Benstead et al., 1999).  When comparing 
cutting with grazing, studies have found that cutting management was more beneficial for 
species richness than grazing (Bakker, 1989, Middleton et al., 2006, Stammel et al., 2003).  
The lack of selection compared to grazing makes cutting a more efficient tool to control 
exotic, often less palatable species, such as Cirsium arvense and Sonchus arvensis in tall-
grass prairies (McLachlan and Knispel, 2005) or Phragmites australis in wet grasslands 
(Gucker, 2008).  However, the impact of cutting upon the vegetation varies with the timing 
and frequency.  Bakker (1989) noted that cutting in July and August resulted in an increase 
or stabilisation of species richness, and cutting every two years was not effective enough to 
maintain species richness.  Mowing twice, at the beginning and during the growing season, 
had greater effects on competition and light availability, facilitating seedling recruitment in 
alluvial grasslands compared to late mowing (Bissels et al., 2006).  During this research 
study, annual cutting of wet grassland was performed between July and August but no 
significant increase in species diversity was recorded.  In addition, encroaching species 
(i.e. Phragmites australis) remained in high abundance after five years of annual cutting 
management.  This is in accordance with findings from Güsewell (2003), who reported that 
the abundance of P.australis showed annual variations irrespective of the type of 
management and that no decrease in abundance was recorded after seven years of annual 
cutting.  However, Olff and Bakker (1991) reported a decrease in the abundance of a 
dominant species (i.e. Holcus lanatus, and Agrostis stolonifera) in improved grassland 
following low-intensity cutting, where the removal of the biomass helped to reduce levels 
of soil nutrients, restoring the improved grassland to a low-nutrient type of community.  
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Results showed that soil disturbance favoured annual species and higher species richness 
compared to lower disturbance levels, which is in accordance with results from Chytrý et 
al. (2001) where sod-cutting was performed in a successional heathland. Dominant grasses 
were reduced (e.g Calamagrostis, Arrhenatherum), which was also observed during this 
project.  Chytrý et al. (2001) also stressed the importance of monitoring disturbance in 
relation to native or invasive species management.  The application of high levels of 
disturbance in coastal wet grasslands was more efficient in maintaining low abundance of 
encroaching and competitive native species (i.e. Phragmites australis, and Elytrigia 
repens).  However, soil disturbance in Californian coastal grasslands (Bartolome et al., 
2004) and sandy grasslands in Hungary (Matus et al., 2005) resulted in an increase of 
annual species, but this was not the desired response as most of the native species are 
perennials and annuals are considered invasive (see Richardson et al.,2000).  Therefore, 
soil disturbance could put at risk the restoration success of such habitats.  Previous studies 
(e.g. Prach, 1987; Prach and Pyšek, 2001; McLachlan and Knispel, 2005) emphasized the 
importance of the surrounding vegetation for restoration and colonisation success.  The 
regeneration potential and success of colonisation of bare ground depends on the soil seed 
bank as well as seed dispersal, which could limit restoration success (Bissels et al, 2004).  
Mesic and wetland plant communities tend to show higher similarities between their seed 
bank and established vegetation compared to drier environments (Funes et al., 2001), and 
the most abundant species in drier grassland communities tend to be absent from the seed 
bank, as was observed in dry alvar grasslands (Bakker et al, 1996), British grasslands 
(McDonald et al, 1996) and alpine grasslands (Funes et al, 2001).  Many species recorded 
in this study following soil disturbance were typical of coastal wet grasslands, with a 
significantly higher abundance of annuals (e.g. Centaurium littorale, Centaurium 
pulchellum).  Although these species were initially absent from the studied vegetation, they 
were present in the surrounding wet grasslands, and possibly in the soil seed bank.  
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8 Conclusion 
Estonian coastal wet grasslands are internationally important habitats characterized by a 
mosaic of plant communities, and shaped by fluctuating hydrology, nutrient availability 
and regular low-intensity management (Benstead et al., 1999).  Many of these plant 
communities include rare and specialised plant species at their northern limit or tolerant of 
higher salinity levels (Rebassoo, 1975; Kull et al, 2002; Wotavová et al, 2004).  Coastal 
wet grasslands are also important for wading birds and waterfowl, offering breeding and 
foraging areas as well as stop-over sites during migration (Mitsch and Gosselink, 2000; 
Verhulst et al, 2004).  This diversity highlights the biological importance of these habitats 
and stresses their high conservation value at an international value. 
 
Changes in management practices, in particular low-intensity management cessation, have 
caused a rapid decline and deterioration of coastal wet grasslands (European Habitat 
Directive, 1992; Ramsar Convention Bureau, 1996).  Although the European Union has 
classified Boreal Baltic meadows as priority habitats and underlined their importance for 
nature conservation, many of these habitats have experienced long-term abandonment and 
have been encroached by robust and woody plant species (Luhamaa et al., 2001).  The 
need for restoration has emerged, which has been attempted through shrub clearing or 
reinstating low-intensity management, usually grazing or mowing (e.g. Bakker, 1989). 
 
The reintroduction of low-intensity management represents regular disturbance on wet 
grasslands, which has proved to be efficient (Bakker et al, 2002) but not always successful 
in effectively reducing the abundance of encroaching species (Güsewell, 2003).  As a 
result of disturbance, the stability of the plant communities is altered.  The impact of 
disturbance depends on the resilience and resistance abilities of the plant communities to 
withstand these perturbations.  This research aimed to provide a better understanding of 
abandoned coastal wet grasslands, their stability, and their response to reinstating variable 
disturbance intensities as possible conservation practices.  In order to address this aim, the 
objectives were to: 
• Describe coastal wet grassland vegetation changes as a result of abandonment and 
reintroduction of regular management.  
• Compare the responses of species-poor and species-rich wet grasslands under low-
intensity management.  
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• Determine the impacts of increasing levels of disturbance in abandoned and 
encroached plant communities 
8.1 Key findings 
Coastal wet grasslands are dynamic ecosystems, influenced by natural (e.g. flooding) and 
anthropogenic (e.g. grazing) disturbances.  The abundance of plant species have been 
shown to fluctuate annually irrespective of the type of management, which makes it more 
difficult to accurately ascertain and predict changes as a result of restoration management.  
However, it is widely accepted that wet grasslands depend on regular low-intensity 
management to sustain higher levels of diversity. The disturbance generated through 
management tempers the competitive advantage of tall and fast growing species, not only 
favouring low-growing species but also encouraging recruitment and regeneration 
processes.  
 
The abandoned coastal wet grasslands that were studied (e.g. lower shore, upper shore, and 
tall grass) showed similar characteristics in their plant community composition to other 
grassland communities that have been abandoned (e.g. alpine grasslands (Pavlů et al., 
2005), coastal Californian meadows (Kotanen, 1997)).  These included abundant litter 
cover, little bare ground, and the encroachment of taller and competitive strategist species, 
with the exception of upper shore grassland where Phragmites australis had not 
encroached the study area despite 20 years of abandonment.  
 
Coastal wet grassland plant communities responded to the application of disturbance, but 
effects were variable depending on the type of community (species-rich or species-poor) 
and the intensity of disturbance (regular cutting, grazing or intense soil disturbance).  For 
example, a species-rich tall grassland community was more stable than a species-poor 
lower shore grassland when cutting was reinstated.  Greater shifts in the cover of dominant 
species were observed in the wetter plant communities that were managed.  It appeared 
that reinstating management added to existing disturbance levels linked to hydrology, by 
favouring more stress-tolerant species, such as Agrostis stolonifera and Juncus gerardii, at 
the expense of the less flood-tolerant Festuca rubra.  
 
Vegetation response to disturbance in the grasslands encroached with Phragmites australis 
and Elytrigia repens depended on the disturbance intensity, with significant differences in 
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cover between low disturbance (litter removal) and high disturbance intensities (above-
ground vegetation removal and soil turnover).  The most influential factors seemed to be a 
combination of exposed bare ground, low litter cover, and removal of the vegetation, 
which probably increased light availability and nutrient resources in favour of less 
competitive species.  Annual species were most consistently found in the disturbed plots 
and showed a positive relationship between abundance and higher disturbance.  In 
addition, more persistent effects were observed in the vegetation when a higher disturbance 
intensity was applied.  The rapid recovery in the lower disturbance intensities indicates the 
resilience of wet grasslands and many of their species. For example, the greatest number of 
significant changes was observed the first year following disturbance across all disturbance 
intensities.  However, in the following years only the highly disturbed vegetation still 
showed high numbers of significant differences in cover (e.g. 13 variables in 2007 for the 
Elytrigia repens-encroached grassland and 9 variables for the Phragmites australis-
encroached grassland).  
 
Similarities in the fluctuations and trends of plant species were observed between the 
managed and unmanaged grasslands.  This indicates that additional factors have greater 
influence on wet grassland vegetation, and on recruitment and establishment of species, 
than vegetation management.  Hydrology is likely to be a driving factor, shaping wet 
grasslands plant community dynamics and composition by altering the biotic and abiotic 
conditions.  Added disturbance by regular mowing, low-intensity grazing, or vegetation 
and soil disruption showed that disturbance intensity was not related to an increase in 
species richness in the long-term but that intense disturbance resulted in the appearance of 
characteristic species, mainly annuals, halophytes and other stress-tolerating ruderals 
(Figure 8-1).   
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Figure 8-1:  Summary of key findings and vegetation changes in relation to disturbance intensity. 
 
This study only covers part of a disturbance gradient from no/litter disturbance to deep soil 
disturbance, compared with Grime’s (1979) disturbance regimes. The results are partially 
consistent with Grime (1979), who suggested that higher disturbance diminishes the 
influence of competitive species in favour of stress-tolerating species, which results in 
higher diversity.  Species diversity was not increased by intermediate disturbance in this 
study, except in the Phragmites australis encroached grassland, but results did suggest that 
intense disturbance was beneficial for species diversity, as the disturbed plots provided 
favourable niches for germination and recruitment.  
 
8.2 Recommendations for further studies 
8.2.1 Time scale of experiments 
The variability exhibited across the different studies within the reference vegetation 
underlines the importance for long-term experiments with regular treatment or monitoring 
to obtain an overview of the possible plant community trends and patterns.  Coastal wet 
grasslands are naturally dynamic and important annual variations in species abundance 
were reported over the three to five years of the research. Some trends were related to the 
increase in disturbance intensity and reinstated management; others seemed more related to 
changes in the hydrological conditions (e.g. floods, high ground water level, and 
No / low disturbance      High disturbance 
No / litter removal         Deep soil disturbance 
Increasing abundance of bare ground, rushes, forbs, 
annuals, halophytes, and stress-tolerating ruderals 
(S-R). Shorter vegetation and mosaic vegetation. 
Less biomass. 
Increasing abundance of litter, competitive ruderals 
(C_R) rhizomatous species, and higher biomass. 
Taller vegetation and uniform sward. Decreasing 
abundance of forbs, annuals, and low-growing 
species. 
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precipitation).  In addition, rates of changes in plant community are known to be dependant 
on nutrient availability, with slower and fewer changes for nutrient poor grasslands and 
mesic environments (Prach, 1993).  Therefore, regular surveys of changes in plant 
community composition over longer periods could help place the changes in context and 
determine general trends in species populations.  For example, Bakker et al. (2002) studied 
the effects of reintroduced management in grasslands over more than 25 years.  Changes in 
species richness and abundance showed annual variation but a positive correlation between 
management and species richness was evident after 10 years.   
 
8.2.2 Vegetation management 
Reinstating traditional or low-intensity management through grazing or hay-making has 
proven to be successful and beneficial for restoration and conservation of wet grasslands 
(Grootjans et al, 2006).  Results depend however on the time since abandonment, nutrient 
availability, the presence of target plant communities nearby to supply propagules, and a 
viable seed bank. Grazing and regular mowing in this study were effective to some extent 
in reducing the dominant grasses and offering regeneration gaps for new species to 
establish.  However, more intense disturbance, with removal of the vegetation and soil 
disturbance, had longer-lived effects on the vegetation, including a more persistent annual 
population where tall and encroaching grasses were less abundant.   
 
Combined management practices are often used, with hay making followed by aftermath 
grazing, in restoration projects.  However, the importance of wet grasslands for breeding 
and foraging birds constrains practitioners from managing them with early or late summer 
cutting or low-intensity grazing, as trampling can result in high nest failure (Pavel, 2004).  
The possibility of creating patches of soil disturbance to boost diversity within wet 
grasslands could be considered in addition to existing methods, as these patches could 
function as species reservoirs, benefitting a diversity of short and fast growing species. 
 
Adaptive management (Holling (1978) is often recommended in conservation and/or 
restoration management (www.SER.org, accessed on 30/10/08).  This approach involves a 
framework based on management actions and regular monitoring to assess the effects and 
responses caused by management and then to implement or adjust management practices to 
obtain the target community (Figure 8-2) (Nyberg, 1999).  In this research, regular low-
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intensity grazing and annual cutting did not appear to be effective enough to restore 
abandoned wet grasslands, whilst intense soil disruption generated short-term 
enhancement.  Therefore, it could be suggested that additional or more intensive practices 
should be implemented at the start of the restoration programme, in order to modify the 
stability of these wet grasslands and aim towards the target community state.  Furthermore, 
a framework of monitoring should be considered to re-evaluate the impact of implemented 
management and then adjust it, with possibly reducing the intensity to a more traditional 
and low intensity management type once the target community has been achieved.   
Figure 8-2: Framework of adaptive management (Nyberg, (1999)) 
 
Sea level rise and climate change should be also addressed when considering the future of 
coastal wet grasslands.  Although the Estonian coastline undergoes isostatic rebound with 
land uplifting at a rate of 1.0 to 2.8 mm a year (Vallner et al., 1988), predictions of global 
sea-level rise for 2090-2099 by the Intergovernmental Panel on Climate Change (IPCC) 
(2007) range between 18 and 38 cm for the lowest values and 26 and 59 cm for the highest 
values.  With rising water levels, increasing storminess, and greater coastal erosion, larger 
areas will be flooded, threatening coastal wet grasslands (Kont et al., 2003, Kont et al., 
1997).  This study has indicated that hydrology is an important factor for plant community 
dynamics and that shifts in species composition could rapidly follow wetter climatic 
conditions.  Burnside et al. (2008) correlated Estonian wetland plant communities to 
elevation and found that lower shore, upper shore, and tall grass communities on average 
lie at 0.26, 0.25 and 0.54 cm above sea-level, respectively.  Thus, an increase in sea-level 
of 18 to 59 cm could change the distribution of these communities and favour adapted 
species (e.g. flood-tolerant).  The heterogeneity produced by low-intensity management 
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could participate in the conservation of these communities under climatic change 
scenarios.  For example, cattle trampling creates tussocky vegetation (Middleton et al., 
2006), which could act as elevated refugia for species of low flood-tolerance or high water 
levels.  
 
A better understanding of succession and responses of plant communities and species to 
different management practices is important for sustainable management and developing 
effective policies.  The increasing awareness of biodiversity loss and decline of semi-
natural habitats, in particular wet grasslands, has reinforced the need for restoration and 
conservation of these habitats.  European Union (EU) legislation is attempting to integrate 
conservation and restoration of these wet grasslands with agricultural practices.  In 
addition to the EU Habitats Directive that lists 198 habitats of conservation value and 
designated the Boreal Baltic coastal meadows (Natura 2000 code: 1630) as a priority 
habitat in Annex I (Habitat Directive 92/43/EEC), a Pan–European biological and 
landscape diversity strategy, biodiversity action plans, and agri-environmental schemes 
have been introduced to promote sustainable management in accordance with agricultural 
practices.  This study highlighted the dynamism of coastal wet grasslands as well as the 
importance of periodic disturbance through management for the restoration and 
conservation of these internationally important plant communities.  In so doing, the study 
has shown the urgent need to reinstate vegetation management to abandoned wet 
grasslands.  It has also shown how other techniques to simulate disturbance, for example 
when agricultural management is not available, could be used to reinvigorate wet 
grasslands.  The research has highlighted the importance of monitoring to discriminate 
restoration and management effects from natural dynamics and assess the effects of the 
management techniques applied.   
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Appendix A 
The scientific latin names are following the Stace (1999)nomenclature  
Latin name  English name Abbreviated name 
Ophioglossum vulgatum L. Adder's-tongue Ophi vulg 
Agrostis gigantea Roth Black Bent Agro gig 
Agrostis stolonifera L. Creeping Bent Agro sto 
Alopecurus pratensis L. Meadow Foxtail Alop prat 
Anthoxanthum odoratum L. Sweet Vernal-grass Anth odo 
Arrhenaterum elatius (L.) J.&C. Presl False Oat-grass Arrh elat 
Bromus sp. Brome sp. Brom sp. 
Dactylis glomerata L. Cock's-foot Dact glo 
Deschampsia cespitosa (L.) P. Beauv Tufted Hair-grass Desc cesp 
Elytrigia repens (L.) Nevski Common Couch Ely rep 
Festuca arundinacea Schreb. Tall Fescue Fest arun 
Festuca rubra L. Red Fescue Fest rub 
Helictotrichon pubescens (Huds.) Pilg. Downy Oat-grass Heli pub 
Molinia caerulea (L.) Moench Purple Moor-grass Mol caeru 
Phragmites australis (Cav.) Steud Common Reed Phrag aust 
Poa pratensis L. Smooth Meadow-grass Poa prat 
Sesleria caerulea (L.) Ard. Blue Moor-grass Sesl caer 
Blysmus rufus (Huds.)Link Saltmarsh Flat-sedge Bly ruf 
Carex distans L. Distant Sedge Cx dist 
Carex flacca Schreb. Glaucous Sedge Cx flac 
Carex glareosa  Cx glar 
Carex nigra (L.) Reichard Common Sedge Cx nig 
Carex panicea L. Carnation Sedge Cx pani 
Carex spicata  Huds. Spiked Sedge Cx spic 
Bolboschoenus maritimus (L.) Palla Sea Club-rush Bolb mar 
Eleocharis palustris (L.) Roem. & Schult. Common Spike-rush Eleo pal 
Juncus gerardii Loisel. Saltmarsh Rush Jun ger 
Schoenoplectus lacustris (L.) Palla. Common Club-rush Scho lac 
Achillea millefolium L. Yarrow Ach mill 
Angelica palustris  Ang pal 
Anthriscus sylvestris (L.) Hoffm. Cow Parsley Anth sylv 
Aster tripolium L. Sea Aster Ast tri 
Atriplex patula L. Common Orache Atrip pat 
Centaurea jacea  Knapweed Cent jac 
Centaurium littorale (Sm.) Gilmour Seaside Centaury Cent litt 
Cerastium fontanum Baumg. Common Mouse-ear Ceras font 
Cirsium sp. Thistle Cirs sp. 
Cirsium palustre (L.) Scop. Marsh Thistle Cirs pal 
Filipendula ulmaria (L.) Maxim. Meadowsweet Filip ulm 
Filipendula vulgaris Moench Dropwort Filip vulg 
Galeopsis tretahit L. Common Hemp-nettle Galeop tret 
Galium boreale L. Norhtern Bedstraw Gal bor 
Galium palustre L. Common Marsh Bedstraw Gal pal 
Galium uliginosum L. Fen Bedstraw Gal uli 
Galium verum L. Lady's Bedstraw Gal ver 
Geranium sp.L. Crane's bills Ger sp. 
Geum rivale L. Water Avens Geu riv 
Inula salicina L. Irish Fleabane Inu sal 
Leontodon autumnalis L. Autumn Hawkbit Leon aut 
Linaria vulgaris Mill. Common Toadflax Lin vulg 
Linum catharticum L. Fairy Flax Lin cart 
Lotus pedunculatus Cav. Greater Bird's-foot-trefoil Lot ped 
Lysimachia vulgaris L. Yellow Loosestrife Lysim vul 
Mentha aquatica L. Water Mint Ment aqua 
Odontites vernus ((Bellardi) Dumort.) Red Bartsia Odo ver 
Peucedanum palustre (L.) Moench Milk-parsley Peu pal 
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Plantago lanceolata L. Ribwort Plant lanc 
Latin name English name Abbreviated name 
Plantago media L. Hoary Plantain Plant med 
Potentilla anserina L. Silverweed Pot ans 
Ranunculus acris L. Meadow buttercup Ran acr 
Rhinanthus minor L. Yellow-rattle Rhin min 
Rumex acetosa L. Common Sorel Rx acet 
Rumex crispus L. Curled Dock Rx crisp 
Serratula tinctoria L. Saw-wort Ser tin 
Sonchus arvensis L. Perennial sow thistle Son arv 
Tanacetum vulgare L. Tansy Tan vul 
Taraxacum officinale agg. Dandelion Tarax off 
Trifolium pratense L. Red Clover Trif prat 
Trifolium repens L. White Clover Trif rep 
Triglochin maritima L. Sea Arrowgrass Trigl mar 
Triglochin palustris L. Marsh Arrowgrass Trigl pal 
Valeriana officinalis L. Common Valerian Val off 
Vicia cracca L. Tufted Vetch Vic crac 
Frangula alnus Mill. Alder Buckthorn Fran aln 
Juniperus communis L. Common Juniper Jun com 
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